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Incidence of health insurance claims for
thyroid neoplasm and pancreatic malignancy
in association with exenatide: signal
refinement using active safety surveillance

David D. Dore, John D. Seeger and K. Arnold Chan

Abstract:

Objectives: As part of a regulatory postmarketing commitment, we assessed the risk of

claims for thyroid and pancreatic cancer among
surveillance system.

users of exenatide using an active drug safety

Methods: This active surveillance assessment used cohort methodology and commercial
health insurance claims data to identify initiators of exenatide and propensity score-matched
initiators of metformin or glyburide between June 2005 and September 2009, with up to 1 year
of follow up through December 2009. The primary analysis estimated absolute and relative

risk [RR] of inpatient or outpatient claims with di

agnosis codes for thyroid neoplasm (benign

or malignant) or pancreatic malignancies after exclusion of patients with a history of the same

diagnosis at baseline.

Results: Among the matched comparison cohorts (N = 32,800 each), there were 37 claims-
suggested thyroid malignancies among exenatide initiators and 26 among metformin or
glyburide initiators [RR 1.4; 95% confidence interval (Cl) 0.8-2.4]. This association was
attenuated when limited to inpatient thyroid cancer claims [RR 0.9; Cl 0.3-2.4]. Exenatide use

was not associated with an increased risk of ben
pancreatic cancer (RR 0.8; C1 0.5-1.6].

ign thyroid neoplasm (RR 0.7; C1 0.3-1.7), or

Conclusions: Use of exenatide was associated with a modestly higher incidence of inpatient
and outpatient claims, but not inpatient claims for thyroid malignancies. Exenatide was not
associated with higher risk of benign thyroid neoplasm or pancreatic cancer. Misclassification
of outcomes and exposure, and residual confounding remain limitations of this analysis

to be considered when interpreting the results. We have initiated a formal epidemiologic

investigation to explore these relationships.

Keywords: active safety surveillance, exenatide, pancreatic cancer, safety signal, thyroid

cancer

Introduction

Exenatide is an incretin mimetic that when
taken twice daily enhances endogenous insulin
production, suppresses postprandial glucagon,
and reduces food intake [Byetta Prescribing
Information, 2010]. Another incretin mimetic,
liraglutide, was found to increase the risk of
c-cell tumors in rodents exposed to clinically
relevant doses, leading to concern about
the occurrence of medullary thyroid cancer

(MTCQC), a c-cell cancer, in humans [Victoza
Prescribing Information, 2010]. In January
2010, the US Food and Drug Administration
(FDA) approved liraglutide. The product’s
approval was contingent on the manufacturer
conducting or sponsoring a number of post-
marketing studies, including studies to assess
the association between liraglutide and MTC,
and thyroid cancer generally [Parks and
Rosebraugh, 2010].

Ther Adv Drug Saf
[2012) 0(0) 1-8

DOI: 10,1177/
2042098612446473

© The Authorls), 2012
Reprints and permissions:
http://www.sagepub.co,uk/
journalsPermissions.nav

Correspondence lo:
David D. Dore, PharmD,
PhD

Brown Universily, Box
G-121-7, 121 Soulh Main
Streel, Providence, Rl
02912, USA
david_dorefdhrown.edu

John D. Seeger, PharmD,
ScD

Optuminsight
Epidemiology, Waltham,
MA; Division of
Pharmacoepidemiology
and Pharmacoeconomics,
Harvard Medical School/
Brigham and Women's
Hospilal, Boston, MA,
USA; Department of
Epidemiology, Harvard
School of Public Health,
Boston, MA, USA

K. Arnold Chan, MD, 5cD
Optumlnsight
Epidemiology, Waltham,
MA; Department of
Epidemiology, Harvard
School of Public Health,
Boslon, MA, USA

http://taw.sagepub.com

Downloaded from taw.sagepub.com al Re@ Desk inc PARENT on February 10, 2014

Exhibit 12 - 151

|



Therapeutic Advances in Drug Safety 0 (0]

Following the rodent findings of c-cell cancers
associated with liraglutide, concerns have been
raised about thyroid cancer outcomes associated
with all incretin mimetics. Concerns also exist
about the risk of pancreatic cancer secondary to
incretin mimetics [Elashoffer al. 2011]. In October
2009, the FDA approved a new indication for
exenatide as an adjunct to diet and exercise to
improve glycemic control in adults with type 2
diabetes mellitus, including monotherapy with
exenatide, As part of the approval, the FDA
requested that the manufacturer of exenatide con-
duct an assessment of the thyroid and pancreatic
cancer signals using an active safety surveillance
system. We report data from this active safety
surveillance system (i3 Aperio, Optumlnsight
Epidemiology, Waltham, MA, USA) on the inci-
dence of health insurance claims for thyroid
neoplasm (benign or malignant separately and
together) and pancreatic cancer in people who
initiated exenatide relative to a propensity score-
matched cohort that initiated metformin or gly-
buride, as a safety signal refinement exercise,

Patients and methods

Data source

The methods and data source of the safety sur-
veillance system with respect to exenatide are
published elsewhere [Dore et al. 2009]. The
source population came from the Normative
Health Information (NHI) database, a large, geo-
graphically diverse population of health insurance
plan enrollees. The records in the NHI database
include provider and facility claims, outpatient
pharmacy dispensing records, and an enrollment
file that contains demographic data and dates of
insurance eligibility for people on the database.

Formation of comparison groups

The analysis included patients who initiated the
twice-daily formulation of exenatide or met-
formin or glyburide and were listed on the NHI
database between 1 June 2005 and 30 September
2009, with follow up through 31 December 2009,
Initiation was defined as a dispensing of the
study drug preceded by 6 months of continuous
health plan enrollment without a dispensing of
the same drug. Exposure status during follow up
(exenatide or metformin/glyburide) was defined
as the drug dispensed that qualified the patient
for cohort entry. Patients in the exenatide cohort
were matched to those in the metformin or

glyburide cohort on the propensity score [Seeger
et al, 2005]. The baseline covariates were ascer-
tained from the 6 months of claims data preced-
ing the date of study drug initiation.

The propensity score analysis involved two stages,
the first being the development of the propensity
score using baseline patient characteristics. These
variables were determined from the NHI data-
base from the time leading up to patients’ entry
into the cohorts. The second stage involved
matching exenatide initiators to initiators of
metformin or glyburide using a greedy matching
algorithm that first identified patients with match-
ing propensity scores to eight decimal digits of
precision and was iteratively loosened by one
decimal digit, stopping at the first decimal digit.
Matching on propensity scores results in two
study cohorts with similar prevalence of charac-
teristics that are included in the model at the start
of treatment [Rosenbaum and Rubin, 1983].

The final propensity score model included varia-
bles representing age, sex, geographic region, paid
hospital costs, paid pharmacy costs, paid emer-
gency room costs, total paid insurance costs, total
paid patient costs, and the number of unique
three-digit International Classification of Disease
(ICD) diagnoses, drugs, physician visits, emer-
gency room visits, hospital stay days, laboratory
tests, procedures, days available for the baseline
period, and total days of enrollment.

Outcomes and analysis

Follow up occurred from cohort entry until
1 year following initiation of the study drug or
disenrollment from the health insurance plan,
whichever was earliest. We tabulated the preva-
lence of baseline characteristics derived from
insurance claims in the 6 months before cohort
entry. The exposure classification was an analog
of intention-to-treat analysis. Each day of follow
up, the patient was considered to be exposed to
the baseline exposure category (exenatide versus
metformin or glyburide) and subsequent changes
in the medication regimen were ignored. We esti-
mated the cumulative incidence of thyroid neo-
plasm or pancreatic cancer, the relative risk (RR)
across cohorts, and 95% confidence intervals
(CIs). The outcomes were identified by the
presence of one or more inpatient or outpatient
claims during follow up associated with pancreatic
cancer [ICD, 9th revision (ICD-9) 157.xx], benign
thyroid neoplasm (ICD-9 226), or malignant
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thyroid neoplasm (ICD-9 193). In the primary
analysis, we limited estimation of the absolute
and relative risk (using 2 X 2 tables) to patients
who had no claim for the same diagnosis in the
6-month baseline period (ireatment-emergent
outcomes).

This assessment included three sensitivity analyses.
The first analysis included a lag period between
cohort entry and when follow-up person-time
was considered at risk, an approach aimed at mit-
igating the potential attenuation of the RR that
can result when patients are considered at risk for
the outcomes immediately after the initiation of
exposure, but when the outcomes are expected to
occur after some induction or latency period. We
excluded from the numerator of the risk calcula-
tions cases that occurred in the first 90 or 180
days, separately, using the primary (inpatient
and outpatient) outcome definition. Second, we
restricted identification of the outcomes to inpa-
tient facility claims with the code of interest listed
in the first position with the aim of understanding
whether this approach might be less biased than
the primary approach of also including outpatient
physician claims for outcome identification,
The third sensitivity analysis aimed to remove
remaining imbalance in the utilization of health-
care services across the exposure cohorts through
a stratified analysis, We estimated the RR of thy-
roid cancer based on the primary (inpatient and
outpatient) outcome definition within strata
defined by the number physician visits (1—3, 4—6,
or 27) in the 6 months prior to cohort entry. The
latter two sensitivity analyses were among all
patients (before exclusion of prevalent cases)
after the observation that exclusion according to
cancer history did not appreciably alter the RR
estimates,

Results

Table 1 lists select baseline characteristics of
patients in the exenatide and metformin or gly-
buride cohorts. There were 32,894 patients in
each matched cohort prior to exclusion for base-
line history of the cancers of interest. A small
number of patients were excluded from each
cohort upon estimation of cancer incidence pro-
portions (Table 2). The cohorts had similar age
and sex distributions, with about two-thirds of the
population aged between 40 and 59 years, and
approximately 55% women. There were residual
imbalances in a number of baseline patient char-
acteristics, including a higher baseline prevalence

of a recorded diabetes diagnosis, retinal disorders,
use of lipotropics, and use of several antihypergly-
cemic drugs in the exenatide cohort.

The median days of drug supply received by the
exenatide cohort was 140 days across a median
of four dispensings (Table 2). The median time
between first and last exenatide dispensing was
234 days and 33,9% of patients in the exenatide
cohort received a dispensing of that drug within
30 days of the end of follow up, indicating ongo-
ing or continued use.

The absolute risk of claims for all study outcomes
was as high as 0.4% in the follow up of the overall
cohorts (<1 year), but was reduced to less than
0.2% after baseline exclusions for the same can-
cer (Table 3). After these exclusions, there were
46 patients with claims-suggested thyroid neo-
plasm among exenatide initiators and 40 among
metformin or glyburide initiators (RR 1.2; 95%
CI 0.7—-1.8). The estimated risk of claims for
benign thyroid neoplasms was similar across the
two cohorts (RR 0.7; 95% CI 0.3—1.7), while we
observed a somewhat higher risk of claims for thy-
roid malignancies (RR 1.4; 95% CI 0.8-2.4) in
the exenatide cohort. The observed incidence of
claims for pancreatic cancer was similar in the
exenatide cohort relative to comparators (RR 0.8;
95% CI 0.5—1.6). The RR estimates from the
cohorts before baseline exclusions were similar to
the treatment-emergent values,

The results of the sensitivity analyses were gener-
ally consistent with the overall results. Restriction
to outcomes identified from first-position diag-
nosis codes on inpatient claims resulted in a
reduced RR for pancreatic and thyroid outcomes,
but wider confidence intervals. For thyroid
malignancy, the estimated RR was 0.9 (95% CI
0.3-2.6). The estimated RRs without cases from
the first 90 or 180 days of follow up were similar
to the main results. The RRs within the strata of
one to three and four to six baseline physician
visits were also similar to the overall results; how-
ever, the RR of thyroid cancer was attenuated
among patients with at least seven baseline physi-
cian visits.

Discussion

We found that exenatide use was associated with
a somewhat higher incidence of combined outpa-
tient and inpatient health insurance claims, but
no increased incidence of inpatient claims for
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Table 1. Select baseline demographic and clinical characteristics of exenatide and metformin or glyburide initiators in the
Normative Health Information database after propensity-score matching, 1 June 2005-30 September 2009.*

Exenatide initiators

Metformin or glyburide

[N'=32,894] initiators
N =32.894]
N % N %

Demographic characteristics
Age

<19 93 0.3 100 0.3

20-39 3697 11.2 3528 10.7

40-49 8106 24.6 8100 24.6

50-59 13,043 307 13,156 40.0

> 60 7955 24.2 8010 24.4
Women 18,033 54.8 18,314 55.7
Race

African American/non-Hispanic black 1603 4.9 1780 5.4

Asian 217 0.7 363 14

Hispanic 1669 5.1 1712 5.2

Non-Hispanic white 17,594 53.5 16,615 50.5

Other or unknown race 11,811 3079 12,424 37.8
Baseline diagnoses
Diabetes mellitus (ICD-9 250) 26,673 81.1 16,195 49.2
Disorders of lipid metabolism (ICD-9 272) 18,357 55.8 13,726 41.7
Essential hypertension (ICD-9 401) 18,185 953 15,659 47.6
Overweight, obesity, or other hyperalimentation (ICD-9 278) 4296 13.1 2355 7.2
Cardiac dysrhythmias (ICD-9 427} 1042 3.2 1190 3.6
Heart faiture (ICD-9 428) 7717 2.4 807 25
Acquired hypothyroidism (ICD-9 244) 3031 9.2 2640 8.0
Other retinal disorders (ICD-9 362) 1124 3.4 494 1S
Chronic kidney disease (ICD-9 585) 682 2.1 294 0.9
Top 10 pharmacy dispensing
Hypoglycemics, biguanide type (non-sulfonylureas) 16,383 49.8 3 0.0
Lipotropics 16,287 49.5 12,961 39.4
Hypoglycemics, insulin-release stimulant type 14,746 44,8 4902 14.9
Blood sugar diagnostics 13,522 41.1 7797 23.7
Hypoglycemics, insulin-response enhancer (non- 13,357 40.6 5434 16.5
sulfonylureas)
Hypotensive, angiotensin-converting enzyme inhibitors 11,993 36.5 9125 27.7
Needles/needleless devices 10,196 31.0 1074 3.3
Analgesics, narcotics 8291 25.2 11,193 34.0
Hypotensive, angiotensin receptor antagonist 7686 23.4 5986 18.2
Insulins 7700 23.4 3373 10.3
Healthcare utilization
Total costs, US$ (mean, median]) 4799 2551 4967 2224
Number of physician visits (mean, median) 5.2 4.0 5.3 4.0
Number of drugs dispensed 11.0 10.0 1.1 100,

*Data derived from claims for healthcare services in the 6 months prior to study drug initiation using the i3 Aperio (OptumInsight Epidemiolagy,

Waltham, MA, USA) active drug safety surveillance system.
ICD-9, International Classification of Disease.
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Table 2. Characteristics of utilization of exenatide and metformin/glyburide during follow up among exenatide
and metformin or glyburide initiators, Normative Health Information database, 1 June 2005-31 December 2009.

Exenatide initiators

Metformin or glyburide

(N =32,894) initiators
(N=32,894)

Mean Median QR Mean Median 1QR
Exenatide use
Number of people with at least one 32,894 100.0 1,521 4.6
dispensing during follow up (N, %)
Number of dispensings per person 4.8 4.0 5.0 BT 3.0 4.0
Total days supplied per person 167.5 140.0 210.0 129.9 90,0 120.0
Drug strength (ug) 8.0 8.8 5.0 8.0 8.9 5.0
Time from first to last dispensing 217.2 234.0 227.0 160.8 144.0 173.0
[days)
Medication possession ratio 0.8 0.8 0.4 0.9 0.8 0.4
Patients with dispensing within 30 11,155; 33.9 b46 2.0
days before end of follow up (N, %)
Metformin or glyburide use
Number of people with at least one 20,101 61.1 32,894 100.0
dispensing during follow up (N, %)
Number of dispensings per person 6.0 5.0 6.0 o 4.0 6.0
Total units dispensed per person 627.3 540.0 570.0 382.3 3000 450,0
(tablets) _
Total days supplied per person 231.0 240.0 210.0 190.4 180.0 2400
Quantity per day (tablets) 2.7 2.0 2.0 2.0 2.0 0.5
Time from first to last dispensing 238.7 271.0 168.0 235.9 277.0 213.0
{days)
Medication possession ratio 0.9 0.9 0.3 0.8 0.9 0.4
Patients with dispensing within 30 10,990, 33.4 1:3,-9'?? 42.5

days before end of follow up [N, %]

IGR, interquartile range.

thyroid malignancy. Exenatide use was not associ-
ated with increased incidence of claims for benign
thyroid neoplasm or pancreatic cancer compared
with glyburide/metformin use. The surveillance
system used for this evaluation is a signal genera-
tion and refinement tool that allowed for rapid
(within 1 week of learning of the initial signal)
assessment of a safety signal of these rare neo-
plasms in association with exenatide adding to
information from clinical trials and spontaneous
adverse drug reaction reports. The features of
clinical trials that promote valid and efficient
assessments of efficacy represent limitations in
the context of safety surveillance. Their generally
small size, homogeneous populations, and short-
term follow up means that adverse outcomes
occurring in less than 1 in 1000 patients tend not
to be reliably identified and investigated [ICH,
1995], and this limitation cannot be addressed in
the context of the premarket assessment without

adding considerably to the time and expense of
drug approval [Committee on the Assessment of
the US Drug Safety System, 2007]. Active safety
surveillance systems provide context to safety sig-
nals derived from spontaneous reports by allow-
ing for a rapid assessment of signals in a population
with a known denominator, allowing for estima-
tion of incidence, and in the case of this analysis,
control for some differences in baseline risk for
the outcomes across the exposure cohorts through
propensity-score matching.

However, the surveillance system and the source
data have limitations that warrant discussion
[Crystal et al. 2007; Walker, 2001]. Health
insurance claims data are collected for the pur-
pose of justifying and tracking reimbursement
to providers and facilities for healthcare services
rendered, and include certain descriptions of
the patients and services performed for those

hilp://\aw.sagepub.com
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Table 3. Absolute and relative risk of treatment-emergent inpatient and outpatient claims associated with
diagnoses of pancreatic and thyroid neoplasm among exenatide and metformin or glyburide initiators,
Normative Health Information database, 1 June 2005-31 December 2009.

Cases (N) Patients (N) Absolute. Relative risk 95% Cl
risk (%)

Cases identified from inpatient or outpatient claims

All thyroid neoplasms _

Exenatide 46 32,807 0.1 1.2 0.7-1.8

Metformin/glyburide 40 32,828 0.1 1 reference

Benign thyroid neoplasms

Exenatide 11 32,877 i 0.7 0:3-1.7

Metformin/glyburide 15 32,879 0 1 reference
' Thyroid malignancies

Exenatide 37 32,822 0.1 1.4 0.8-2.4

Metformin/glyburide 26 32,842 0.1 1 reference

Pancreatic malignancy

Exenatide 21 32,889 0.1 0.8 0.5-1.6

Metformin/glyburide 25 32,878 01 1 reference

Cases identified from inpatient claims only

All thyroid neoplasms

Exenatide 7 32,894 0.0 0.7 0:2-2.0

Metformin/glyburide 10 32,894 0.0 1.0 reference

Benign thyroid neoplasms

Exenatide 32,894 0.0 0.0 0.0-4.1

Metformin/glyburide 2 32,894 0.0 1.0 reference

Thyroid matignancies

Exenatide 7 32,894 0.0 0.9 0.3-2.6

Metformin/glyburide 8 32,894 0.0 1.0 reference

Pancreatic malignancy

Exenatide 12 32,894 0.0 0.5 0.2-1.1

Metformin/glyburide 73 32,894 0.1 1.0 reference

Cl, confidence interval.

purposes. Because these descriptors are not col-
lected for clinical care or research purposes, lack
of correspondence between this information
and true patient disposition can result in biased
RRs [Lanes and de Luise, 2006]. Of particular
relevance here is the correspondence between
the diagnosis codes for the neoplasm outcomes
and the patient’s actual diagnosis (or lack
thereof). Others have shown that assessments
of cancer outcomes in health insurance claims
data that define the cancer based on a single
diagnosis code can be problematic because
the outcome definition will have a low positive
predictive value and misclassify some patients’
cancer status [Setoguchi er al. 2007]. Indeed,
the incidence estimates from our primary (inpatient
and outpatient) data are substantially higher than
the 5.2-15.2 cases per 100,000 person-years
observed in population-based cancer surveillance,

consistent with inclusion of false-positive cases
from the health insurance claims; however, the
diagnoses from first-position inpatient claims
resulted in more plausible incidence estimates
[Altekruse et al. 2010]. The analyses that did not
exclude patients with claims for the cancer out-
comes in the baseline period resulted in even
higher incidence estimates relative to the treatment-
emergent analysis, reflecting the identification of
prevalent cases during follow up.

In studies based on health insurance claims data,
this type of error resulting from the outcome defi-
nition will generally bias the RRs toward showing
no effect — although this direction of bias need
not be the case [Jurek ez al. 2008]. A form of sur-
veillance bias when thyroid cancer was more
readily detected among exenatide users is one
potential explanation for the finding of excess risk
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of thyroid cancer claims in the exenatide cohort.
This differential detection could plausibly occur
if exenatide users sought more healthcare ser-
vices during follow up, a difference that was evi-
dent in a previous study of exenatide [Dore et al.
2011].We aimed to address this potential surveil-
lance bias by stratifying the RR estimation by the
number of physician visits observed in the base-
line period among all patients (before exclusion)
with the rationale being that within these strata,
overall healthcare utilization might be similar
during follow up.

Another consideration is that if the relationship
between exenatide and these outcomes (should it
exist) has a long induction or latency period, then
any increase in the risk of the outcomes due to
exenatide exposure would not be observed in this
study, in which the average follow-up time was
less than 1 year, In the absence of other biases,
the estimated RR would be attenuated with insuf-
ficient follow up if there was a true effect of
exenatide on thyroid cancer. With the outcome of
thyroid malignancy in this study, in which the RR
was 1.4, this type of bias did not appear to be suf-
ficiently strong to obscure the signal altogether,
but may still have biased the estimate toward
showing no effect; or alternatively, any bias
through this mechanism was negligible relative to
other sources of bias (e.g. residual confounding).

Insufficient follow-up time might have resulted in
a more severely biased RR estimate in a previous
assessment of exenatide and thyroid cancer we
conducted in the active safety surveillance system.
In this previous assessment, cohort follow up was
censored upon the apparent discontinuation of the
study drug (exenatide or metformin/glyburide),
reducing the average length of follow up. With
this methodology, the analysis was consistent
with no association between exenatide use and
thyroid malignancy using the same outcome
definitions and propensity score technique (data
not shown).

It is also possible that the surveillance system’s
characterization of exposure to exenatide and
metformin or glyburide affected the study results.
First, this type of analysis assumes that pharmacy
dispensings for the study drugs reflect patient
consumption. While it is likely that some patients
who received the study drugs did not take them as
prescribed, these data are generally accepted as
accurate [Crystal er al. 2007; McKenzie er al
2000], and are at least as accurate as patient

hitp://\aw.sagepub.com
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report [Leister et al. 1981; West et al. 1995].
Despite the probable accuracy of the pharmacy
claims data, it remains possible that the average
duration of exposure to exenatide in this assess-
ment was insufficient to affect the incidence of
thyroid malignancy and pancreatic cancer. To our
knowledge, there are no data to inform whether
the median apparent duration of exenatide expo-
sure in this study (140 days) was sufficient to
induce the malignancies of interest. Additionally,
this analysis did not account for switching off
study drugs; rather all patients were categorized
as exposed from the time of cohort entry until the
end of his or her follow up, although this exposure
categorization may be appropriate for cancer
outcomes.

The propensity-score matching applied by the
active safety surveillance system removed many
baseline differences in potential risk factors for the
outcomes between the two exposure cohorts.
Indeed, in the case of rare outcomes among large
cohorts, propensity scores perform particularly
well because they can account for many variables
that might be associated with a higher risk of the
outcomes among one of the exposure cohorts
[Seeger et al. 2005}. However, residual differences
in the baseline risk can remain if the propensity
score does not include measures for all of the
relevant predictors of the outcome, as might be
the case with the parsimonious model the surveil-
lance system employed for the present compari-
son [Rosenbaum and Rubin, 1983]. Depending
on the association between these variables not
included in the propensity score and the exposure
and outcome, the observed RRs can be spuriously
higher or lower as a result. This limitation of the
present analysis is a reasonable alternative expla-
nation for the observation of a higher risk of claims
for thyroid malignancy in the exenatide cohort.
We observed a higher prevalence of a number of
indicators of diabetes severity in the exenatide
cohort, and if diabetes severity or its treatment
results in thyroid cancer, then residual confound-
ing would potentially explain the observed results
[e.g. Currie ez al. 2009].

In summary, we observed a marginally higher
incidence of combined outpatient and inpatient
claims for thyroid malignancy, but no increased
risk of inpatient claims only for thyroid malignan-
cies. No increased risk of benign thyroid neoplasm
or pancreatic cancer in association with exenatide
use was observed in this rapid safety assessment
program. These findings should be considered in
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the context of the limitations outlined above,
taken together, and greater clarity with respect to
the long-term effect of exenatide will require fur-
ther study so that appropriate benefit-risk evalua-
tions can be made for the prescribing of exenatide.
A formal epidemiologic study of exenatide use
and thyroid cancer to address the limitations of
this active safety assessment has been initiated.
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Pancreatitis, Pancreatic, and Thyroid Cancer With Glucagon-Like

Peptide-1-Based Therapies
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Podcast interview: www.gastro.org/gastropod-
cast; see editorial on page 20.

BACKGROUND & AIMS: Glucagon-like peptide-1—based
therapy is gaining widespread use for type 2 diabetes,
although there are concerns about risks for pancreatitis
and pancreatic and thyroid cancers. There are also con-
cerns that dipeptidyl peptidase-4 inhibitors could cause
cancer, given their effects on immune function. METH-
ODS: We examined the US Food and Drug Administra-
tion’s database of reported adverse events for those
associated with the dipeptidyl peptidase—4 inhibiror
sitagliptin and the glucagon-like peptide-1 mimetic ex-
enatide, from 2004—2009; data on adverse events asso-
ciated with 4 other medications were compared as con-
trols. The primary outcomes measures were rates of
reported pancreatitis, pancreatic and thyroid cancer, and
all cancers associated with sitagliptin or exenatide, com-
pared with other therapies, RESULTS: Use of sitagliptin
or exenatide increased the odds ratio for reported pancre-
aritis 6-fold as compared with other therapies (P <
2 X 10°16). Pancreatic cancer was more commonly re-
ported among patients who took sitagliptin or exenatide
as compared with other therapies (P < .008, P < 9 X
1075). All other cancers occurred similarly among patients
who took sitagliptin compared with other therapies (P
=.20). CONCLUSIONS: These data are consistent with
case reports and animal studies indicating an in-
creased risk for pancreatitis with glucagon-like pep-
tide-1—based therapy. The findings also raise caution
about the potential long-term actions of these drugs to
promote pancreatic cancer,

Keywords: Side Effect; Toxicity; Tumor; Pancreas.

yperglycemia in type 2 diabetes is due to inadequate

insulin secretion in the setting of insulin resistance.
A new class of drugs has been introduced for treatment of
type 2 diabetes that takes advantage of the properties of
the gut hormone glucagon-like peptide-1 (GLP-1).! GLP-1
is secreted by L-type endocrine cells in the distal ileum in
response to food ingestion and amplifies glucose-medi-
ated insulin secretion.?

GLP-1 has a short halflife, degraded by the enzyme
dipeptidyl peptidase-4 (DPP-4) in the circulation.® To
accomplish sustained GLP-1 receptor activation therapeu-
tically, 2 strategies have been developed. In one, GLP-1
agonists that are resistant to DPP-4 degradation are
administered by injection, including exenatide (Byetta;
Amylin Pharmaceuticals, San Diego, CA) and liraglu-
tide (Victoza; Novo Nordisk, Bagsverd, Denmark).*s
The alternative strategy is use of inhibitors of DPP-4,
such as sitagliptin (Januvia; Merck & Co, Inc, Whice-
house Station, NJ), when administered orally enhance
levels of endogenously secreted GLP-1.42

The attributes of GLP-1—based therapy for type 2 dia-
betes have been extensively reviewed.1#-6 Interest has re-
cently been focused on the potential adverse effects of
these new therapies.”# Nausea is relatively common with
the injected GLP-1 receptor agonists. Acute pancreatitis
afrer administration of exenatide was originally reported
in the form of case reports,®1° but then followed by a
cautionary letter from the US Food and Drug Adminis-
tration (FDA).}! Recently, a similar caution was made by
the FDA with regard to pancreatitis associated with sita-
gliptin treatment.!?

The manufacturers of exenatide and sitagliptin have
suggested that the most likely reason for the apparent
association between the use of these drugs and acute
pancreatitis is the increased risk of pancreatitis in patients
with type 2 diabetes.’® Recent animal studies showing
pancreatitis as a consequence of GLP-1 mimetic therapy
challenge that assumption and raise concerns about
whether the asymptomatic chronic pancreatitis might be
an as yet undetected adverse effect of GLP-1—based treat-
ment.,14!5 Moreover, because pancreatitis is a risk factor
for pancreatic cancer, long-term GLP-1 receptor activation
might lead to increased risk for pancreatic cancer.!%17 It
has also been suggested that immunomodulatory effects
of DPP-4 inhibition might increase risk for all cancers.?®1?
Also, thyroid tumors were reported to be more common

Abbreviations used In this paper: AERS, adverse event reporting
system; Cl, confidence Interval; DPP-4, dipeptidyl peptidase-4; FDA,
Food and Drug Administration; GLP-1, glucagon-llke peptide-1; OR,
odds ratlo.
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in rodent toxicology studies with the GLP-1 agonist lira-
glutide, although the relevance of this in humans has
been questioned.?’

Given the >20 million known patients with type 2
diabetes in the United States alone and the numerous
GLP-1—based drugs either available now or in the final
stages of development, the potential impact of adverse
effects of this class of drugs is considerable. However,
because this class of drugs is relatively newly available,
there are limited data on adverse effects. In addition,
available reports were sponsored by pharmaceutical com-
panies and arguably have a limited capacity to detect
adverse outcomes.21:22 The purpose of the present study
was to gain the best possible insight into these potential
adverse effects by examining the FDA adverse event re-
porting system (AERS) database.

Materials and Methods
Study Design

The primary goal of this analysis was to use the
FDA AERS database to assess the association berween
treatment with exenatide (Byetta) or sitagliptin (Januvia)
and an adverse event report of pancreatitis, where the
drugs were listed as the primary suspect associated with a
pancreatitis report in the database. A secondary goal was
to examine the FDA AERS database for reported pancre-
atic or thyroid cancer associated with use of exenatide or
sitagliptin. Third, we used the FDA AERS database to
examine reports of all cancers in association with use of
sitagliptin and exentide. The FDA AERS database depends
on spontaneous reporting and is subject to various report-
ing biases. For this reason, 2 levels of control were used
for the analysis. First, 4 other diabetes medications, ie,
rosiglitazone (Avandia; GlaxoSmithKline, London, UK),
nateglinide (Starlix; Novartis, Basel, Switzerland), repa-
glinide (Prandin; Novo Nordisk, Bagsverd, Denmark),
and glipizide, were selected as control drugs. Rosiglita-
zone has been reported to atrenuate toxin-induced pan-
creatitis in rats?® and to exacerbate pancreatic fat infiltra-
tion in high-fat—fed mice.?* Rosiglitazone appears to be
neutral with regard to cancer risk.!? It has been suggested
that sulfonylurea therapy might increase risk for pancre-
atitis?s and solid tumors,26 so these drugs should be a
conservative choice as controls. Second, control events
were prospectively defined that were believed a priori to
have no association with either of the test drugs, ex-
enatide/sitagliptin, or the control drugs.

The predefined events of interest were pancrearitis, pan-
creatic cancer, thyroid cancer, and all cancers. We prospec-
tively defined S types of control events, including back
pain, urinary tract infection, chest pain, cough, and syn-
cope. By this approach, we were able to address the issue
that pancreatitis?” and pancreatic cancer?® are more com-
mon in type 2 diabetes because test and control drugs are
used for treatment of type 2 diabetes,

Database inquiry. We downloaded the FDA AERS
database for the period covering the first quarter of 2004
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through third quarter of 2009. and applied the search
terms listed below. As described in the study design, only
primary suspect drugs were used in the analysis
(ROLE_COD="PS’); cases with more than one primary
suspect drug were counted for each drug. For pancreatitis,
the search term “PANCREATITIS” was used. Control
events used the search terms “BACK PAIN”, “CHEST
PAIN”, “COUGH”, “SYNCOPE”, and “URINARY TRACT
INFECTION?”. For pancreas cancer, the search terms “PAN-
CREATIC MASS”, “PANCREATIC NEOPLASM”, “ADENO-
CARCINOMA PANCREAS” and “PANCREATIC CARCI-
NOMA” were used. For thyroid cancer, the search terms
«“THYROID CANCER”, “THYROID GLAND CANCER”,
«“THYROID NEOPLASM” and “THYROID MASS” were
used. For all other cancers, “THYROID” and “PANCRE-
ATIC” records were filtered out, and the search terms “LEU-
KAEMIA”, “CANCER”, “SARCOMA”, “MYELO”, “CARCI-

NOM?”, “MALIGNAN”, “NEOPLAS”, “TUMOUR”,
“METASTASES”, “MACROGLOBULINEMIA”,  “LYM-
PHOMA” , “MELANOMA”, “BLASTOMA”, “CYTOMA”,
“MENINGIOMA”, “MESOTHELIOMA”, “HODGKIN”,

“GLIOMA”, “ADENOMA”, “BLADDER MASS”, “BRAIN
MASS”, “BREAST MASS”, “HEPATIC MASS”, “RENAL
MASS”, “INTESTINAL MASS”, “LARYNGEAL MASS”,
“OESOPHAGEAL MASS”, “OVARIAN MASS”, “PHARYN-
GEAL MASS”, “PROSTATIC MASS”, “PULMONARY
MASS”, “UTERINE MASS”, “TESTICULAR MASS”,
“STOMACH MASS”, “SCROTAL MASS”, “SALIVARY
GLAND MASS”, “ABDOMINAL MASS”, “LYMPHADENO”
and “RHABDOMYO” were used. For the analysis that used
only events reported to have occurred prior to 2007, the
same database was filtered by EVENT_DT<2007 prior to
querying for the above terms (if EVENT_DT was missing,
FDA_DT<2007 was used). For drugs, the following
search rterms were used: exenatide; “BYETTA”, “EX-
ENATIDE”; sitagliptin: “JANUVIA”, “SITAGLIPTIN"; con-
trol drugs: “AVANDIA”, “ROSIGLITAZONE”, “STARLIX”,
“NATEGLINIDE”, “PRANDIN”, “REPAGLINIDE”, “NO-
VONORM”, “GLIPIZIDE” and “GLUCOTROL”. In all cases,
search terms were applied with a wildcard character before
and after the search term.

Statistical Analysis

Two levels of control were used for the compara-
tive analysis of event rates. The count of events of interest
(eg, pancreatitis) in a test drug (eg, exenatide) were com-
pared to control drugs and to control events (events for
which there was the presumption of no drug—event rela-
tionship) using 2 X 2 tables. The premise on which the
2-level control is based is that under the null hypothesis
of no elevared event rate for the test drugs, the odds ratio
(OR) in the 2 X 2 table should be 1. Fisher’s exact test was
used to test the null hypothesis that the OR was equal to
1. Two-sided 95% confidence intervals were also con-
structed for the estimated ORs. The Breslow-Day test was
used to test for homogeneity of odds-ratios by gender,
and the Mantel-Haenszel test was used to perform gender
stratified analyses. All statistical analyses were conducted
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Table 1. Test and Control Events for Exenatide and Sitagliptin vs Control Drugs

PANCREATITIS

Drug Pancreatitis events Control events Odds ratio vs control drugs P-value vs control drugs
Exenatide 971 1433 10.68 2 X 10 16
Sitagliptin 131 3086 6.74 2 X 10716
Controls 43 678 —_ —_

PANCREATITIS (2006 AND PRIOR)

Drug Pancreatitis events Control events 0Odds ratio vs control drugs P-value vs control drugs
Exenatide 152 748 2.57 8 x 107
Sitagliptin 2 15 1.69 37
Controls 32 405 — —

PANCREAS CANCER

Drug Pancreas cancer events Control events Odds ratio vs control drugs Pvalue vs control drugs
Exenatide 81 1433 2.95 9xX10 ®
Sitagliptin 16 306 2.72 .008
Controls 13 678 — o=

THYROID CANCER

Drug Thyroid cancer events Control events Odds ratio vs control drugs Pvalue vs control drugs
Exenatide 30 1433 4.73 4x10 3
Sitagliptin 2 306 1.48 .65
Controls 3 678 _ —

ALL OTHER CANCERS

Drug All cancer events Control events Qdds ratio vs control drugs Pvalue vs control drugs
Exenatide 375 1433 1.08 47
Sitagliptin 59 306 0.8 2
Controls 164 678 — —

using R version 2.9 (The R Foundation for Statistical
Computing).

Results
Control Events

The validity of the analysis is predicated on a
similar rate of reported control events for each drug in the
analysis. For the 2 test drugs and 4 control drugs, this was
found to be the case. However, one drug initially chosen
for the analysis (pioglitazone) had an elevated control
event reporting rate compared to the other drugs, which
were otherwise similar in their control event rate. This was
not driven by any one of the controls, but rather was an
overall elevation in reported control events. This means
that either pioglitazone truly has an increased frequency
of these events, or some reporting bias exists with piogli-
tazone relative to the other drugs. In either case, its
inclusion in the analysis would be suspect. As a practical
issue, despite the higher control event rate (control re-
ports/total reports), the actual number of control reports
was relatively low, and dropping it from the analysis
resulted in only a modest reduction in the power of the
analysis. The similarity of the control event rates for the
remaining drugs supported the validity of this 2-level
control analysis approach.

Pancreatitis. Exenatide and sitagliptin had similar
patterns of reported pancreatitis events relative to the
controls events. Pancreatitis has been reported >6-fold
more frequently as an adverse event for patients admin-
istered exenatide (OR = 10.68; 95% confidence interval
[CI): 7.75—15.1; P < 1071%) or sitagliptin (OR = 6.74; 95%
CI: 4.61-10.0; P < 107'%) when compared with other
therapies (Table 1, Figure 1). When the adverse reporting
events of the GLP-1 class of drugs (exenatide and sitagliptin)
were considered together, the reported event rate of pancre-
atitis was approximately 10-fold greater than that of other
therapies (OR = 9.99; 95% CI: 7.26—14.1; P < 10716),

Because of recent attention to the potential link be-
tween use of GLP-1 mimetic drugs and pancreatitis after
the FDA’s first warning in 2007!! that pancreatitis ap-
peared to be an adverse effect of exenatide treatment, the
analysis was repeated using only events reported to have
occured in 2006 or earlier. Because sitagliptin had only
recently been made available at that time, there were insuf-
ficient reports to consider sitagliptin alone, so the event rates
for the combined GLP-1 mimetic therapies of sitagliptin and
exenatide were considered together. The reported event rate
for pancreatitis for the GLP-1 mimetic drugs was still >2.5-
fold increased compared to other therapies (OR = 2.55; 95%
CL: 1.70-394; P < 1 X 1079).
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Figure 1. Odds ratio of test vs control events for exenatide, sitagliptin,
and other therapies. The odds ratio of an adverse report of pancreatitis,
pancreatic and thyroid cancer, or any cancer associated with exenatide
and/or sitagliptin therapy vs other therapies.

Collectively, these data imply that there is an increased
risk of pancreatitis in patients treated with either ex-
enatide or sitagliptin vs the other therapies.

Pancreatic cancer. Because pancreatitis is a known
risk factor for pancreatic cancer,'” we evaluated the reported
rates of pancreatic cancer with exenatide and sitagliptin
compared to control events relative to rosiglitazone.

The reported event rate for pancreatic cancer was 2.9-
fold greater in patients treated with exenatide compared
to other therapies (P = 9 X 1075), The reported event rate
for pancreatic cancer was 2.7-fold greater with sitagliptin
than other theraptes (P = .008).

Thyroid cancer. Because thyroid tumors were re-
ported to be increased in rodents treated with liraglutide
in a filing to the FDA2® we examined the frequency of
reported adverse events of thyroid cancer with the GLP-1
mimetic therapies vs rosiglitazone. The reported event rate
for thyroid cancer in patients treated with GLP-1 mimetic
therapy was increased and reached statistical significance in
the exenatide group (OR = 4.73; P = 4 X 1073), but not in
the sitagliptin group (OR = 1.48; P = .65).

All other cancers. There has been a suggestion
that DPP-4 inhibition may lead to impaired immune
function and increased risk for cancers.?8.1? Therefore, we
also examined the reported event rate for all other cancers
(excluding pancreas and thyroid) associated with sitaglip-
tin, exenatide, or the control therapies. Neither sitagliptin
or exenatide were associated with a higher reported rare of
other cancers. The risk for cancer increases with age but
age was not different between the individuals in whom
cancer (mean age, 61 years other therapies, 61 years ex-
enatide, 64 years sitagliptin) or a control event (mean age,
62 years other therapies, 60 years exenatide, 63 years
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sitagliptin) was reported for the drugs included in this
analysis.

Discussion

We report a >6-fold increased reported adverse
event rate for pancreatitis with either of the first two
GLP-1—based drugs available on the market in the United
States, exenatide and sitagliptin, in this analysis of the
FDA AERS database.

Analysis of the FDA AERS database is not the ideal
mechanism to compare adverse event rates between drugs.
Limitations of the FDA AERS database, including incom-
plete data and reporting biases, are well-known 2 How-
ever, AERS has proven effective in similar earlier evalua-
tions at detecting unintended drug side effects.?°-32 This
analysis was undertaken notwithstanding these limira-
tions, given the paucity of safety data available for chis
class of drugs, which is gaining a rapid increase in usage
for a common disease. Randomized, controlled clinical
trials remain the gold standard for such assessment.
Those trials are typically powered for efficacy end points
related to the relative attributes of the new drugs in
accomplishing expected goals, such as glycemic control
compared to previously available drugs. They do not nec-
essarily accumulate sufficient data (in either patient num-
bers or follow-up) on infrequent or longer-term conse-
quences of the drugs (eg, cancers). The primary goal of
this study was to examine the FDA database as method-
ically as possible to establish whether there are sufficient
grounds for concern that would indicate the need for
studies that specifically examine the signals that arise in a
prospective manner.

The approach we have taken should be robust against a
range of potential reporting biases. In particular, if the
test drugs have an overall increased reporting rate for
events, the OR will be unaffected. Similarly, if the test
events have an overall increased reporting rate, the OR
will be unaffected. However, the approach has significant
weaknesses. The analysis is retrospective. Potential con-
founders that influenced the choice of drug therapy for
type 2 diabetes could introduce bias. For example if cig-
arette smokers were to be more likely treated with GLP-1
based therapy than other therapies for type 2 diabetes, a
bias in favor of pancreatitis or pancreatic cancer would be
introduced. Since cigarette smoking is not reported in the
FDA data base we cannot exclude an unexpected bias in
favor of diabetes treatment choice in this regard. More
generally, the odds ratios reported here will be upwardly
biased if patients who are at higher risk for pancreatitis,
pancreatic and/or thyroid cancer received exenatide or stigi-
platin, either as a first line therapy, or subsequent to a poor
response to the therapy of first choice. There are plausible
scenarios where this might happen, but we are unable to
thoroughly determine the extent of this bias based on this
retrospective study.

Also, although the controls (drugs and events) were
prospectively defined, the analysis makes cerrain assump-
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tions about these controls that cannot be easily tested.
One assumption is that the control events are not causally
related to either the test drugs or the control drug. The
events were chosen based on a review of available reported
adverse event data for these drugs, but proving a negative
is difficult. A second assumption is that, conditional on
control event counts, the test events are not subject to
reporting bias, That is, the control event counts serve as a
surrogate for any differential reporting bias between the
drugs. It is possible that alternate control drugs and/or
alternate choices for control events could lead to different
conclusions. However, we believed that restricting the
analysis to prospectively defined controls and limiting the
number of possible analyses would avoid many of the biases
of a data-mining approach, given the large scope of the
AERS database. To directly address this potential concern,
we repeated the analysis using an alternate set of control
events identified from the top events in the database. In all
cases where the original analysis was significant that signif-
icance was maintained in the analysis using the alternate
control events.

A potential confounding factor for the present analysis
is obesity. The FDA AERS database does not record obe-
sity (eg, body mass index), which is associated with pan-
creatitis risk?® and may be associated with a higher usage
of exenatide prescription due to the reported weight-loss
effect of that drug. However, Blomgren et al report that,
although statistically significant, the magnitude of the effect
of higher body mass index on pancreatitis risk is equivalent
to a 1.2-fold increased risk per 5 units of body mass index.?
Given the fact that the FDA AERS database yields a >6-fold
increased frequency of pancreatitis with either exenatide or
sitagliptin treatment compared to other therapies, the po-
tential confounding effects of obesity on the observed results
is likely ro be minimal.

Another potential confounder is gender. We performed
gender stratified analysis for all of the comparisons be-
tween test drugs and control drugs; in all cases where the
original analysis was significant, that significance was
maintained in the gender stratified analysis, with no evi-
dence of a confounding effect by gender on the reported
odds ratio.

In contrast to the findings here, several studies recently
reported no increase in pancreatitis in patients treated
with GLP-1 receptor mimetic therapy.2233-35 These studies
do not include any randomized controlled trials in which
pancreatitis or pancreatic cancer were predefined end
points, and that were adequately powered to address these
questions. A retrospective study of pharmacy claims anal-
ysis found no increase in association between use of ex-
enatide and pancreatitis compared to other anridiabetes
drugs.?s

Recent animal studies that also showed pancreatitis
after GLP-1—based treatment provided some insight into
the potential mechanisms by which this adverse event
may be mediated.!%!5 GLP-1 receptors are abundantly
expressed in the exocrine pancreas, and sitagliptin therapy
has been shown to lead to increased pancreatic ductal
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replication, acinar to ductal metaplasia, and, less com-
monly, acute pancreatitis in a rat model of type 2 diabe-
tes.! Increased ductal turnover and acinar to ductal meta-
plasia are both well-established characteristics of chronic
pancreatitis in humans.?® Low-grade chronic pancreatitis
was noted in most rats treated with exenatide in one
study,'® but not in a subsequent study.?” In the absence of
human pancreas from individuals treated with GLP-1
mimetic drugs, it remains unknown if GLP-1—-based ther-
apy can induce asympromatic low-grade pancreatitis. This
is of concern because chronic pancreatitis increases risk of
pancreatic cancer.16:17,36

For this reason, as a secondary analysis, we sought to
address the question, does long-term GLP-1 therapy pre-
dispose to pancreatic cancer? At present there is no direct
evidence to support an increase in pancreatic cancer with
long-term GLP-1 therapy, but there are grounds for con-
cern. Even though the drugs have only been available
relatively recently, this analysis shows increased reported
pancreatic cancer in association with either sitagliptin or
exenatide treatment compared to other therapies. It might
be argued thar an apparent increase in pancreatic cancer
with GLP-1 mimetic therapy is because pancreatic cancer
is more frequent in type 2 diabetes,?®38 but in the present
analysis, this was controlled for by comparison with ad-
verse reporting in association with control antidiabetic
drugs, so all cases included presumably had type 2 diabe-
tes. The selected control drugs have been reported as
either neutral'® or possibly even increasing the risk for
pancreatic cancer.?” We elected not to use metformin as a
control because it has been reported to decrease the risk
for pancreatic cancer.263° We elected not to use insulin as
a control because this would likely include controls with
type 1 diabetes.

Because pancreatitis presumably acts as a risk factor for
subsequent pancreatic cancer through the mechanisms of
chronic inflammation and increased cell turnover,36 it is
not surprising that there is a progressive increased risk
with years of exposure. For example, in patients with
inherited chronic pancreatitis, the risk increases progres-
sively with years of exposure, eventually reaching almost
75%.'7 The GLP-1—based drugs examined here have been
on the market for no more than 6 years, raising the
question of whether it is biologically plausible that there
is already an increase in pancreatic cancer. Type 2 diabetes
and obesity are known risk factors for chronic pancrearitis
and pancreatic cancer, so it is reasonable to assume that in
such individuals there is an increased incidence of the
premalignant PanIN lesions in the pancreas. It has re-
cently been proposed that these are derived from pancre-
atic duct glands that, in turn, might well be targets for
GLP-1—induced proliferation.*® It will be important to
establish whether PanIN lesions and pancreatic duct
glands express GLP-1 receptors and, if so, undergo prolif-
eration in response to GLP-1 mimetic therapy. Such an
effect could explain the relatively early signal for pancre-
atic cancer observed here.
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Because of thyroid tumors in mice treated with liraglu-
tide reported to the FDA by Novo Nordisk,2® we also
examined the FDA AERS dartabase for thyroid cancer in
association with exenatide or sitagliptin therapy. There
was an increase in reported thyroid cancer as an adverse
event related to exenatide or sitagliptin therapy (data
combined) compared to other therapies, this increase was
statistically significant for exenatide. GLP-1 therapy has
been shown to lead to C-cell hyperplasia in rats, but it is
unknown what, if any, effects GLP-1 therapy has on the
human thyroid gland.?® The adverse reporting in the FDA
database is not sufficiently sophisticated to robustly dis-
tinguish between thyroid cancer subtypes. It is perhaps of
concern that this signal has appeared in the relatively
short duration the drugs have been available when there
was little a priori concern that would be expected to bias
reporting. The findings for pancreatic and thyroid cancer
reported here imply that more detailed studies of the
actions of GLP-1 on the thyroid gland and exocrine pan-
creas in humans are warranted.

Finally, we examined the relative frequency of all other
reported cancers as adverse events related to each of the 2
study drugs. This analysis was prompted by the reported
actions of DPP-4 inhibition on the immune system and
concerns raised that these might promote cancer through
decreased immunosurveillance. 1819

Any action of DPP-4 inhibition to increase cancer risk
might be expected to do so by permitting declaration of
tumors previously held in check by an intact immune
systemn, 81941 As such, the effect may manifest early. To date
these data do not identify a signal of other cancers as
searched with either drug. Given the multiple search terms
required for this analysis and the numerous variations that
might be introduced in such a search, we fully acknowledge
that this is the least secure analysis. While the prior analyses
remained unchanged through the various changes in search
requested in review, the all other cancers outcome did
change according to changes in search,

In conclusion, analysis of the FDA adverse event report-
ing database suggests that the GLP-1 class of drugs being
widely promoted for treatment of type 2 diabetes could
have serious unintended and unpredicted side effects.
Pancreatitis is >6-fold more likely to be reported in asso-
ciation with sitagliptin or exenatide than other therapy in
type 2 diabetes. Despite the fact that exenatide and sita-
gliptin have been available for a relatively short period, it
is of concern that, when taken together, there is a signif-
icantly increased association of thyroid cancer and pan-
creatic cancer with these therapies. The most obvious
conclusion from these studies is that careful long-term
monitoring of patients treated with GLP-1 mimetics or
DPP-4 inhibitors is required. Almost all clinical trials of
these drugs include metformin, the unchallenged first-
line therapy of choice for type 2 diabetes. In contrast, in
clinical practice in the field, the new drugs are being used
as early monotherapies. Because metformin likely sup-
presses the putative actions of GLP-1 based drugs to
promote pancreatitis and pancreatic cancer, it will be
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important to establish the impact of GLP-1 mimetic ther-
apy in the absence of metformin in prospective clinical
trials if this treatment is to be available for use in the
absence of metformin. We agree with a recent proposal
that such monitoring should be established indepen-
dently of pharmaceutical companies.?® For now this anal-
ysis of the FDA data base does not establish that pancre-
atitis, pancreatic and thyroid cancer are caused by GLP-1
based therapy. It simply raises the level of concern that
they may be and that the appropriate prospective studies
are required to rule them out.

Supplementary Material

Note: To access the supplementary material
accompanying this article, visit the online version of
Gastroenterology at www.gastrojournal.org, and at doi:
10.1053/j.gastro.2011.02.018.
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ABSTRACT

Introduction: In a previous pooled analysis of
19 double-blind clinical studies conducted by
Merck, which included data available as of July
2009 on 10,246 patients with type 2 diabetes
(T2DM), treatment with sitagliptin was shown
to be generally well tolerated compared with
treatment with control agents. As the sitagliptin
clinical development program continues,
additional studies with sitagliptin have been
completed. The present analysis updates the
safety and tolerability assessment of sitagliptin
by examining pooled data from 25 double-blind
clinical studies.

Methods: The present analysis included data
from 14,611 patients in 25 studies with T2DM

who received either sitagliptin 100 mg/day
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(n=7,726; sitagliptin group) or a comparator
agent (n=6,885; non-exposed group). These
studies represent all randomized, double-blind
trials conducted by Merck that included
patients treated with the usual clinical dose of
sitagliptin (100 mg/day) for between 12 weeks
and 2 years, and for which results were available
as of December 2011. These studies assessed
sitagliptin, versus comparator agents, taken as
monotherapy, initial combination therapy with
metformin or pioglitazone, or as add-on
therapy with other
(metformin,

combination
antihyperglycemic agents
pioglitazone, a  sulfonylurea £ metformin,
insulin + metformin, or
metformin + pioglitazone or rosiglitazone).
Patient-level data from each study were used
to evaluate between-group differences in the
exposure-adjusted incidence rates of adverse
events (AEs).

Results: Overall incidence rates of AEs and
drug-related AEs were higher in the non-
exposed group compared with the sitagliptin
group. Incidence rates of specific AEs were
generally similar between the two groups,
higher

except for incidence rates of

hypoglycemia related to the greater use of a

Published online: 23 May 2013
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sulfonylurea and diarrhea related to the greater
use of metformin in the non-exposed group,
and of constipation in the sitagliptin group.
Treatment with sitagliptin was not associated
with an increased risk of major adverse
cardiovascular events, malignancy, or
pancreatitis.

Conclusion: In this updated pooled safety
analysis of data from 14,611 patients with
T2DM, sitagliptin 100 mg/day was generally
well tolerated in clinical trials of up to 2 years
in duration.
Keywords: Adverse events;

Safety;

Dipeptidyl

peptidase-4  inhibitor; Sitagliptin;

Tolerability; Type 2 diabetes

INTRODUCTION

Since the introduction of sitagliptin into the
diabetes therapeutic armamentarium in 2006,
the wuse of dipeptidyl peptidase-4 (DPP-4)
inhibitors for the
hyperglycemia in patients with type 2 diabetes

management of

has increased worldwide. The role of DPP-4
inhibitors in diabetes treatment guidelines has
similarly evolved, with the most recent

Diabetes (ADA)/

European Association for the Study of Diabetes

American Association
(EASD) consensus guidelines considering DPP-4
inhibitors to be an appropriate second-line
therapy after the initiation of metformin, and
in the same category as other available
antihyperglycemic therapies

thiazolidinediones,

(including
sulfonylureas, glucagon-
like peptide-1 (GLP-1) receptor agonists, and
insulin) [1]. This distinct
departure from prior ADA/EASD guidelines,
which
insulin to be “well-validated” second-line

The emergence of the DPP-4

represented a

considered only sulfonylureas and

agents [2].

inhibitors has been driven in large part by the
safety and tolerability profile of this class of
agents compared with other antihyperglycemic
agents.
hypoglycemia, the weight-neutrality, and the

In particular, the low risk of

generally excellent tolerability when compared
with other classes of drugs appear to have
distinguished this class of incretin-based
therapies.

In that context, it is important to continue
to evaluate the safety and tolerability of this
newer class of antihyperglycemic therapy in
well-designed, randomized, controlled clinical
trials. Recently, Monami et al. [3] performed an
updated meta-analysis of 53 trials of at least
24 weeks in duration, which included over
33,000 patients with type 2 diabetes. In this
analysis, which comprised 20,312 patients
treated with a DPP-4 inhibitor and 13,569
patients treated with either placebo or an
active comparator, outcomes of interest
included the incidences of cancer, pancreatitis,
all-cause and cardiovascular mortality, and
major adverse cardiovascular events (MACE).
There was no evidence of an increase in the
incidence of cancer [Mantel-Haenszel odds
ratio (MH-OR) 1.020, 95% CI 0.742, 1.402] or
pancreatitis (MH-OR 0.786, 95% CI 0.357,
1.734) with DPP-4 inhibitor therapy. The
overall MH-OR for all-cause and cardiovascular
death in patients treated with DPP-4 inhibitor
was 0,668 (95% C10.396, 1.124) and 0.505 (95%
CI 0.252, 1.011), respectively. Additionally, a
significantly lower risk of MACE (MH-OR 0.689,
95% CI10.528, 0.899) was observed. While meta-
analyses of published studies can provide an
assessment of large numbers of patients across
the class of DPP-4 inhibitors, the absence of
patient-level data for specific adverse events and
the focus, in most publications, on serious
adverse experiences limit the ability of such

analyses to provide a comprehensive assessment
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of the overall safety and tolerability profile of an
individual DPP-4 inhibitor.

As part of the assessment of the safety and
tolerability profile of sitagliptin, pooled
analyses of patient-level clinical trial data have
been previously reported [4-6]. This current
pooled analysis includes data from 25 double-
blind, randomized studies of sitagliptin 100 mg/
day, and incorporates approximately 40% more
patients and approximately 36% more patient-
years of exposure than the prior pooled analysis.
The availability of patient-level data coupled
with a larger patient exposure allow for an
enhanced ability to assess the incidence of less
common adverse experiences, and also allow for
more precise estimates of the incidence rates of

reported adverse experiences.

METHODS

This post hoc analysis used a pooled population
(n=14,611) drawn from all 25 multicenter, US
or multinational, double-blind, parallel-group
studies conducted by Merck & Co., Inc., in
which patients were randomized to receive
100 mg/day (n=7,726) or a
comparator (n= 6,885) for at least 12 weeks

sitagliptin

and up to 2 years (the duration of the longest
studies) and for which results were available as
of December 1, 2011 (complete study listing in
Table 6 in Appendix). Each protocol was
reviewed and approved by appropriate ethical
review committees and authorities for each
clinical site. All patients were to have provided
written informed consent. The studies
evaluated sitagliptin as monotherapy, initial
combination therapy with either metformin or
pioglitazone, or add-on combination therapy
with other antihyperglycemic agents, including
metformin, pioglitazone, a sulfonylurea (with
and without metformin), insulin (with and
metformin  with

without metformin), or

rosiglitazone or pioglitazone. Patients not
receiving sitagliptin (i.e.,, the non-exposed
group)
pioglitazone, a sulfonylurea (with and without
(with  and without

metformin), or metformin with rosiglitazone

received placebo, metformin,

metformin), insulin
or pioglitazone. From each contributing study,
the pooling was conducted by including those
portions of each study that had parallel
treatment groups with concurrent exposures to
sitagliptin 100 mg/day (primarily administered
as 100 mg once daily) or other treatments
(either placebo or active comparator). Studies
conducted only in Japan were excluded from all
analyses; a lower starting dose of sitagliptin has
been separately developed in Japan. The

pooling excluded studies conducted in

patients  with  moderate-to-severe  renal
insufficiency, because these patients received
sitagliptin at doses less than 100 mg/day.
Studies describing the safety and tolerability of
sitagliptin in patients with moderate and severe
renal insufficiency have
published [7-9].

In each study, investigators were to report

been previously

adverse events (serious and non-serious) that
occurred during the conduct of the study, as
well as serious adverse events occurring within
14 days following the last dose of blinded study
drug. These events were encoded in a uniform
manner using the Medical Dictionary for
Regulatory Activities® (MedDRA version 14.1;
MedDRA MSSO, Chantilly, VA, USA), in which
terms for specific adverse events that are alike or
pertain to the same organ system are
categorized by System Organ Class (SOC). To
account for potential differences between
groups in duration of exposure to treatment,
reports of adverse events are expressed as
exposure-adjusted incidence rates (numbers of
patients with events per 100 patient-years).

These analyses were based on the time to the
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first (incident) event, calculated as follows:
incident event rate = 100 x (total number of
patients with >1 event during eligible exposure
period per total patient-years of exposure). The
incident event rate per 100 patient-years is
referred to as the “incidence rate” throughout
the manuscript. For those patients for whom an
event was reported, the patient-years of
exposure were calculated as the time from the
first dose of sitagliptin (or comparator) at
randomization to the time that the first post-
randomization event occurred. For patients
without an event, the patient-years of
exposure were calculated as the time from the
first dose to 14 days after the last dose of study
medication (i.e., sitagliptin or comparator).
Differences between treatment groups and the
associated 95% CI were calculated using the
Miettinen and Nurminen method, stratified by
study [10]. For endpoints occurring in fewer
than four patients in both groups, 95% Cls were
not computed because they did not have the
potential of excluding zero. No statistical
adjustments were performed for multiple
comparisons. All analyses were performed
using SAS® version 9.1; SAS Institute, Inc.,
Cary, NC, USA.

The present analysis used patient-level data
from each study to assess the incidence rates of
adverse events that occuired following
initiation of double-blind study drug. Many
studies in this analysis included open-label
glycemic rescue therapy, which was to have
been initiated based on protocol-specified
hyperglycemia criteria that were progressively
stricter over the course of the study. When
initiated, glycemic rescue therapy was added to
the ongoing, blinded study medication to

which patients had been randomized. Except

where mentioned otherwise, the analyses
presented below include all post-
randomization events reported to have

occurred during a given study, including those
events with onset after the initiation of
glycemic rescue therapy.

The analysis in this article is based on
previously conducted studies, and does not
involve any new studies of human or animal
subjects performed by any of the authors.

Adverse Events of Interest

Hypoglycemia
For most studies,

prespecified as an adverse event of interest. For

hypoglycemia  was

all of the trials that were pooled for this

analysis, hypoglycemia was based on

investigator interpretation of clinical
symptoms, without the requirement for a
concurrent glucose determination. In contrast
to the general analysis of adverse events,
analyses of hypoglycemia adverse events
excluded data following initiation of glycemic
rescue therapy to avoid the confounding
influence of medications that could cause
hypoglycemia. In addition, a separate pooled
analysis was performed including only those
studies and portions of studies that did not
include a sulfonylurea or insulin, to
characterize the rate of hypoglycemia with
sitagliptin  relative  to

generally associated with an increased risk for

comparators  not
hypoglycemia (i.e., metformin and
pioglitazone, as well as placebo).

Gastrointestinal

The incidence of a composite endpoint of
gastrointestinal (GI) adverse events (including
diarrhea, nausea, vomiting, constipation, and a
term, which
included abdominal pain, upper and lower

composite abdominal pain
abdominal pain, abdominal and epigastric
discomfort, and GI pain) was calculated. An
additional analysis of these Gl endpoints was
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conducted, excluding studies and portions of
studies in which patients initiated metformin,
to characterize the rate of these GI events with
sitagliptin relative to comparators generally not
associated with an increased risk for GI events.
This separate analysis excluded data following
initiation of glycemic rescue therapy.

MACE

An analysis of adverse cardiovascular events
comprised of cardiovascular death in addition
to ischemic events considered to be MACE was
performed. For the MACE-related analysis, an
exact method for Poisson processes [11],
stratified by study, was used to calculate the
exposure-adjusted  incidence rate  ratios
(sitagliptin relative to comparator) and the

associated 95% CI.

Neoplasms

All adverse event terms for neoplasms were
reviewed in a blinded fashion and classified as
corresponding to malignant or non-malignant
neoplasms. All terms for malignant neoplasms
were contained within the “Neoplasms benign,
malignant, and unspecified” SOC, whereas
terms for non-malignant neoplasms were
contained both within and outside of the
“Neoplasms benign,
unspecified” SOC.
between-group differences were computed for

malignant, and
Incidence rates and

individual neoplasms as well as for the

composite endpoints of all malignant
neoplasms, all non-malignant neoplasms in
the “Neoplasms benign,

SOC, and all

neoplasms regardless of SOC.

malignant, and

unspecified” non-malignant

Angioedema

Angioedema events and angioedema-related
events, based on an expanded version of the
Standard MedDRA Query (SMQ) that included

anaphylactic reactions and hypersensitivity,
were summarized by treatment group for the
periods with and without exposure to an
angiotensin-converting (ACE)
inhibitor. Exposure to an ACE inhibitor was
defined as the total days of use of an ACE
inhibitor during the double-blind treatment
period, with patients contributing to patient-

enzyme

years of exposure to an ACE inhibitor for the
actual period of time that they were reported to
have been taking an ACE inhibitor and to
patient-years of non-exposure for the actual
period of time that they were reported not to
have been taking an ACE inhibitor.

Composite Endpoints of Interest

Incidence rates and between-group differences
were calculated for a variety of composite
endpoints, consisting of a collection of
MedDRA adverse event terms related to the
These
endpoints included pancreatitis, pancreatic

safety issue of interest. composite

cancer, acute renal failure, proteinuria,
bronchitis, pneumonia, upper respiratory
infection, wurinary tract infection, atrial

fibrillation/flutter, and rash.

Laboratory Abnormalities
Percentages of patients meeting predefined

laboratory abnormality criteria for liver
enzyme abnormalities [alanine
aminotransferase (ALT) and aspartate
aminotransferase (AST)] and for serum

creatinine were compared between groups.

RESULTS

Patient Characteristics and Exposure

In the entire 25-study cohort, patients (55%
male) had an mean age of 54 years (range
19-91 years; 17% >65 years), a mean duration
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of diabetes of 5.1 years, and a mean glycosylated
hemoglobin (HbAlc) of 8.4% at baseline (with
29% of patients having a baseline HbAlc
>9.0%) (Table 1). The majority of patients
were White (61%), with 18% Asian and 6%
Black. At baseline, 10% of patients had a history
and 81% had
additional cardiovascular risk factors besides

of cardiovascular disease,

type 2 diabetes mellitus and cardiovascular

Table 1 Baseline characteristics

disease, including hypertension (53%), history
of dyslipidemia/hypercholesterolemia (49%),
and history of smoking (39%). There were no
meaningful differences between groups in these
baseline characteristics.

The mean exposure to study drug was
slightly greater in the sitagliptin group relative
to the non-exposed group: 284 dosing days
(range 1-791) and 264 dosing days (range

Characteristic Sitagliptin Non-exposed Total
(n = 7,726) (n = 6,885) (n = 14,611)
Gender, 7 (%)

Male 4,196 (54) 3,788 (55) 7,984 (54.6)
Age, years 54,0 + 10.3 S4.4 4 10,5 54.2 4 104
Race, 7 (%)

White 4,674 (60) 4,227 (61) 8,901 (61)

Black 427 (6) 384 (6) 811 (6)

Asian 1,436 (19) 1,227 (18) 2,663 (18)

Multiracial 462 (6) 427 (6) 889 (6)

Other or unknown 727 (9) 620 (9) 1,347 (9)
Body weight, kg 85.0 & 19.6 85.8 £ 20.1 853+ 198
Body mass index, kg/m* 30.5 £ 5.7 30.7 £ 5.8 30,6 &+ 5.7
HbA,, % 8.4+ 1.3 84413 8.4+ 1.3
Duration of T2DM?, years 5.1 4 5.4 514+53 5.1 4 54
On antihyperglycemic therapy, 7 (%) 3,001 (38.8) 2,773 (40.3) 5,774 (39.5)
History of CVD, 7 (%) 793 (10) 691 (10) 1,484 (10)
Patients with known CV risk factors other 5,828 (81) 5,269 (82) 11,097 (81)

than T2DM and history of CVD, 7 (%)"

History of dyslipidemia, # (%) 3,862 (50) 3,356 (49) 7,218 (49)

History of hypertension, # (%) 4,110 (53) 3,666 (53) 7,776 (53)

History of smoking, 7 (%)® 2,712 (38) 2,539 (39) 5,251 (39)

Data are expressed as mean (= standard deviation) or frequency [# (%)), unless otherwise indicated

CV cardiovascular, CVD cardiovascular disease, FbAlc glycosylated hemoglobin, 72DM type 2 diabetes mellitus

? Excludes 16 patients (11 sitagliptin, S non-exposed) with unknown duration of diabetes

® Denominator is 7,177 for sitagliptin group and 6,451 for non-exposed group because history of smoking was not collected
in all patients from Protocols 010, 014 and 074, and 11 patients from other studies did not provide information on smoking

history
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1-801), respectively. In the sitagliptin group,
2,457 (32%) patients were treated for at least
1 year, with 584 (8%) of these patients treated
for 2years; the corresponding numbers of
patients in the non-exposed group were 1,775
(26%) and 470 (7%).
patients discontinuing treatment were 27.2%

The proportions of

in the sitagliptin group and 28.8% in the non-
exposed group.

Summary Measures of Adverse Events

The incidence rate of patients reporting one or
more adverse events was higher in the non-
exposed group compared with the sitagliptin
group (Table 2). The incidence rate of drug-
related adverse events was also higher in the
non-exposed group, as was the incidence of
patient discontinuations due to a drug-related
adverse event; this was primarily due to the
greater incidence rate of adverse events of drug-

Table 2 Adverse event summary

related hypoglycemia reported for the non-
exposed group (data not shown). The
incidence of serious adverse events was similar
for the two groups, both overall (Table 2) and by
SOC category (data not shown). The incidence
of adverse events resulting in death, overall, was
similar in the two treatment groups; for the
Neoplasms SOC, however, the incidence of
adverse events resulting in death was lower in
the sitagliptin group compared with the non-
exposed group (one event in 6,388 patient-years
of follow-up compared with six events in 5,378
patient-years of follow-up, respectively, with a
difference in rates of —0.1 events per
100-patient-years (95% CI —0.2, —0.0).
Incidence rates for adverse eventsin each SOC
are in Table3. There three SOCs
(Metabolism and disorders;
Neoplasms benign, malignant, and unspecified;

were
nutrition

and Skin and subcutaneous tissue disorders) for
which the 95% CI for the between-group

Incidence rate per 100 patient-years®

Sitagliptin  Non-exposed  Difference between
sitagliptin and
non-exposed (95% cnPb

>1 adverse events 142.8 151.1 —7.6 (—13.9, —1.3)
With one or more drug-related® adverse events 19.1 255 —5.9 (—7.8, —4.1)
With one or more serious adverse events 7.3 6.9 0.4 (—0.6, 1.4)
With one or more serious drug-related® adverse events 0.4 0.2 0.1 (—0.1, 0.4)
Deachs 0.3 0.4 —0.1 (—04, 0.1)
Discontinuations due to adverse events 4.5 4.9 —0.5 (—1.3, 0.3)
Discontinuations due to drug-related® adverse event 1.6 22 —0.5 (—1.0, —0.0)
Discontinuations due to scrious adverse event 1.7 14 0.2 (—02, 0.7)
Discontinuations due to serious drug-related® adverse event 0.2 0.1 0.1 (—0.0, 0.3)

* 100 x (number of patients with >1 event/patient-years of follow-up time)
E Between-group difference and 95% CI based on stratified analysis. Positive differences indicate that the incidence rate for
the sitagliptin group is higher than the incidence rate for the non-exposed group. “—0.0" represents rounding of values that

were slightly less than zero
¢ As determined by the investigator
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Table 3 Summary of adverse event system organ classes

System organ class

Incidence rate per 100 patient-ycars®

Sitagliptin Non-exposed Difference between
100 mg sitagliptin and
non-exposed (95% cI®

Blood and lymphatic system disorders 12 0.9 0.2 (0.1, 0.6)
Cardiac disorders 3.7 3.8 —0.2 (—09, 0.5)
Congenital, familial, and genetic disorders 0.2 0.2 —0.0 (—0.2, 0.1)
Ear and labyrinth disorders 1.6 19 —0.4 (0.9, 0.1)
Endocrine disorders 0.3 0.4 —0.2 (—04, 0.0)
Eye disorders 3.8 39 —0.1 (-09, 0.6)
Gastrointestinal disorders 24,3 24,6 03 (—1.7,23)
General disorders and administration site conditions 8.3 9.2 —09 (—2.1,02)
Hepatobiliary disorders 12 0.9 0.2 (—0.1, 0.6)
Immune system disorders 0.9 09 —0.1 (—04, 03)
Infecrions and infestations 45.5 457 0.3 (—2.5, 3.1)
Injury, poisoning and procedural complications 8.8 8.8 0.3 (—0.9, 1.4)
Investigations 14.0 14.9 -13(-27,02)
Metabolism and nutrition disorders 11.1 17.5 —64 (=79, —4.9)
Musculoskeletal and connective tissue disorders 19.3 18.5 0.7 (—1.0, 2.4)
Neoplasms benign, malignant and unspecified 2.0 15 0.6 (—0.0, 1.2)
Nervous system disorders 15.1 147 03 (—1.1, 1.8)
Pregnancy, puerperium, and perinaral conditions 0.0 0.1 —0.0 (-0.1, 0.1)
Psychiatric disorders 4.3 4.5 —0.1 (—0.9, 0.6)
Renal and urinary disorders 2.8 2.6 0.1 (—05,0.7)
Reproductive system and breast disorders 26 2.8 —0.2 (—0.8, 04)
Respiratory, thoracic and mediastinal disorders 79 8.0 —0.1(—12,09)
Skin and subcuraneous tissue disorders 7.8 67 1.1 (0.1, 2.1)
Sacial circumstances 0.0 0.0 —0.0°
Surgical and medical procedures 0.0 0.0 0.0°
Vascular disorders 5.4 5.3 —0.1 (—1.0,07)

SOC system organ class

* 100 x (number of patients with >1 event in the SOC/patient-years of follow-up time)
Between-group difference and 95% CI based on stratified analysis. Positive differences indicate that the incidence rate for the sitagliptin
group is higher than the incidence rate for the non-exposed group. “0.0” and “—0.0” represent rounding for values that are slightly greater

and slightly less than zero, respectively

© 95% CI were not computed for events that occurred in fewer than four patients in both groups, because the CI would necessarily have

included 0

difference in incidence rates excluded 0. The
between-group difference in the incidence rates
of adverse events in the Metabolism and
nutrition disorders SOC was primarily due to a
higher incidence rate of hypoglycemia in the
group. The between-group
difference in the Neoplasms benign, malignant,

and unspecified SOC was related to a higher

non-exposed

incidence rate in the sitagliptin group for non-

malignant adverse events within the Neoplasms
benign, malignant, and unspecified SOC, and
was not the result of an imbalance in any single
adverse event or any group of biologically related
adverse The
malignancy were similar for the two groups:

events. incidence rates of
0.90 per 100 patient-yearsin the sitagliptin group
and 0.93 per 100 patient-years in the non-

exposed group [between-group difference of
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—0.05 (95% CI —0.41, 0.30)]. For the Skin and
subcutaneous disorders SOC, the three most
common adverse events were rash, pruritus,
and urticaria; the 95% CI included zero for all
three of these adverse events.

Adverse Events of Interest

Hypoglycemia

The incidence rates of hypoglycemia were based
on symptomatic reports of hypoglycemia,
regardless of a concurrent glucose
measurement. The predefined analysis for
hypoglycemia (i.e., excluding data after
initiation of glycemic rescue therapy) showed
a between-group difference of --6.2 events per
100 patient-years (95% CI —7.6, —5.0), favoring
the sitagliptin group. The difference observed
for hypoglycemia was mainly due to the use of a
sulfonylurea as a comparator agent in three
studies of up to 2 years in duration, as well as a
study in which patients were switched from
placebo to a sulfonylurea during a double-blind
(PO20 in Table 6 in

Results from

continuation period

Appendix). some individual
studies included in this pooled analysis (in
which sitagliptin was added to either a
sulfonylurea with or without metformin or to
metformin)

insulin with or without

demonstrated an increased risk for

hypoglycemia with sitagliptin used in
combination with these agents relative to
placebo. In a separate pooled analysis of
hypoglycemia in which confounding effects of
a sulfonylurea or insulin as either background
or comparator therapies were removed, the
incidence rates of hypoglycemia were 5.6 and
5.1 per 100 patient-years in the sitagliptin
(n=15,956) and (n=15,122)
groups, respectively, with a between-group

non-exposed

difference of 0.5 events per 100 patient-years
(95% CI -0.7, 1.6).

GI Symptoms

The primary analysis of select GI adverse events
demonstrated similar incidence rates for the
pooled select GI terms, the composite of
abdominal pain terms, nausea, and vomiting
(Table 4). The incidence rate of the adverse
event of constipation was higher in the
sitagliptin group (2.3) than in the non-
exposed group (1.8). For the specific adverse
event of diarrhea, a lower incidence was
observed in the sitagliptin group. The

differences observed for diarrhea mainly

reflected the wuse of metformin as a
comparator; when the confounding effects of
initiation of metformin were removed, the
incidence rates were 4.3 and 4.9 per 100
patient-years in the sitagliptin (n = 5,940) and
non-exposed (n = 5,122) groups, respectively.

MACE

Detailed description of the analyses of MACE
has been previously published [12]. The
exposure-adjusted incidence of MACE was 0.65
per 100 patient-years in the sitagliptin group,
and 0.74 per 100 patient-years in the non-
exposed group, with an adjusted incidence rate
ratio of 0.83 (95% CI 0.53, 1.30).

Neoplasms

As noted above, the analysis of all events of
malignancies revealed similar incidences in the
two treatment groups: 0.90 per 100 patient
years in the sitagliptin group and 0.93 per 100
patient-years in the non-exposed group
[between-group difference of —0.05 (95% CI
—0.41, 0.30)]. Low incidence rates of a wide
range of specific malignancies were reported,
with similar rates in both treatment groups; the
95% CI did not exclude zero for any of the
specific malignancies that were reported. The
most common malignancies observed were
basal cell carcinoma, prostate cancer, and
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Table 4 Summary of composite adverse events/adverse events of interest

System organ class

Incidence rate per 100 patient-years®

Sitagliptin Non-exposed Difference between sitagliptin
100 mg and non-exposed (95% CI)®
Acute renal failure (narrow SMQ) 0.2 0.1 (—0.1, 0.2)
Acute renal failure (broad SMQ) 2.1 1.6 0.4 (0.1, 0.9)
Atrial fibrillation/flutter 0.4 0.2 2 (=00, 0.4)
Bronchitis 4.0 3.5 S5 (=02, 1.2)
Gastrointestinal adverse event composite 14.6 15.6 —0.5 (—2.0, 1.0)
Abdominal pain composite 37 40 03 (—1.1, 0.4)
Constipation 23 1.8 6 (0.0, 1.1)
Diarrhea 6.6 8.4 —1.4 (=25, —04)
Nausea 2.8 3.2 —02 (=09, 04)
Vomiting 1.8 1.6 3 (—02,0.8)
Pancreatitis 0.1 0.1 —0.0 (=02, 0.1)
Pancreatitis (including chronic pancreatitis) 0.1 0.1 0 (=0.1, 0.2)
Proteinuria 0.5 0.4 1(-02,03)
Pneumonia 0.9 0.8 2 (=02, 0.5)
Rash 1.7 1.1 6 (0.2, 1.1)
Upper respiratory infection 8.2 8.9 —0.6 (—1.7, 0.5)
Urinary tract infection 44 4.8 —03 (—1.1, 0.4)

SMQ standardized MedDRA queries

* 100 x (number of patients with >1 event/person years of follow-up time)
® Between-group difference and 95% CI based on stratified analysis. Positive differences indicate that the incidence rate for
the sitagliptin group is higher than the incidence rate for the non-exposed group. “0.0” and *~0.0" represent rounding for

values that are slightly greacer and slightly less than zero, respectively

breast cancer (Table 8 in Appendix). Analyses

were performed for the pool of terms
representing the category of pancreatic cancer
(adenocarcinoma of pancreas, pancreatic
carcinoma, pancreatic carcinoma metastatic).
The exposure-adjusted incidence rates for the
pooled terms related to the category ' of
pancreatic cancer were similar in the two
treatment groups (0.05 and 0.06 events per
100 patient-years in the sitagliptin and non-

exposed groups, respectively). The number of

adverse events (three in each group) was below
the pre-defined threshold for calculating a
95% CIL.

The incidence rate of adverse events in the
Neoplasms benign, malignant, and unspecified
SOC overall was 2.03 per 100 patient-years in
the sitagliptin group and 1.52 per 100 patient-
yeats in the non-exposed group [between-group
difference of 0.52 (95% CI 0.03, 1.01)]. The
higher rate in the sitagliptin group was related
to a higher rate of non-malignant neoplasms in
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the Neoplasms benign, malignant, and
unspecified SOC [incidence rates of 1.18 and
0.60 per 100 patient-years in the sitagliptin and
non-exposed groups, respectively; between-
group difference of 0.60 (95% CI 0.25, 0.96)].
This difference was not the result of an
imbalance in any single adverse event or any
group of biologically related adverse events. The
most common non-malignant neoplasm
adverse event terms observed were uterine
leiomyoma/leiomyoma, lipoma, and skin
papilloma. The only term for which the 95%
CI around the
excluded zero was lipoma [between-group
difference 0.15 (95% CI 0.02, 0.29)]. A

sensitivity analysis, performed to assess the

between-group difference

incidence of non-malignant neoplasms across
any SOC, revealed a similar pattern, with
incidences of 1.58 and 1.12 per 100 patient-
years in the sitagliptin and non-exposed groups,
respectively [between-group difference of 0.45
(95% CI 0.02, 0.89)]; in this sensitivity analysis,
the adverse event term “colonic polyp” was the
most common, with similar incidences in the
two treatment groups (0.25 and 0.26 per
100-patient years, respectively).

Angioedema

At baseline, 29.4% and 28.1% of sitagliptin-
treated and non-exposed patients, respectively,
were treated with ACE inhibitors. In the
subgroup defined by ACE inhibitor use, the
exposure-adjusted incidence of events was 0.99
per 100-patient-years in the sitagliptin group
and 1.35 per 100-patient-years in the non-
exposed group; for those patients not treated
with ACE inhibitors, the incidence rates were
1.14 and 1.16, respectively.

Other Composite Endpoints
The following composite endpoints, primarily
of interest due to theoretical mechanistic

concerns and/or post-marketing case reports,
were analyzed.

For the composite endpoint of pancreatitis
(which  included the MedDRA
“pancreatitis” and “pancreatitis acute”), the

terms

incidence rates were similar for both groups
(Table 4), with a difference in rate of —0.0 (95%
Cl —0.2, 0.1). A similar pattern was observed
with an expanded composite that included the
MedDRA term “pancreatitis chronic”.

The incidence of acute renal failure was
assessed using both the narrow SMQ and the
broad SMQ (Table 4); low and similar rates were
observed in both treatment groups for both
composite endpoints, as well as for the
composite endpoint of proteinuria, which
comprised the MedDRA terms “albumin urine
present” or “protein urine present”.
done on the

Separate analyses were

composite endpoints of bronchitis,
pneumonia, and upper respiratory infection
(Table 4). Similar incidences were seen in both
treatment groups for all three of these infection
composites. Similar incidence rates were also
observed for the composite endpoint of urinary
tract infections (with or without cystitis).

The incidence of the composite endpoint of
rash was higher in the sitagliptin group
compared with the non-exposed group
(Table 4). The difference in the composite
endpoint was primarily related to a higher
incidence of the individual terms “rash” and
“rash macular”.

The incidence of the individual adverse
event term “atrial fibrillation” was higher in
(Table 4). For the

atrial

the sitagliptin group
predefined composite
fibrillation/atrial flutter, the between-group
difference was 0.2 event per 100 patient-years,
and the 95% CI did not exclude zero (95% CI
—0.0, 0.4).

endpoint of
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Specific Adverse Events for which CI
Excluded Zero

The incidences of adverse events for which the
95% CI excluded zero are depicted in Table 5.
There were 17 specific adverse events in which
the incidence was higher in the sitagliptin
group, and 23 specific adverse events in which
the incidence was higher in the non-exposed
group. For those adverse events in which the
between-group difference was >0.5 events per
100 patient-years, there were two (constipation
and dyspepsia) and seven (diarrhea, fatigue,
edema peripheral, blood glucose decreased,
hypoglycemia, blood glucose increased, and
weight increased) in which the incidences
were higher in the sitagliptin and non-exposed
groups, respectively. Apart from the adverse
event of hypoglycemia, the between-group
differences in adverse events for which the
95% CI excluded zero were all less than 1.5
events per 100 patient-years.

Predefined Laboratory Abnormality
Criteria

Liver Enzymes

The proportions of patients in the sitagliptin
and non-exposed groups with their last
measurement (obtained either at the time of
discontinuation or at the final scheduled study
visit) of AST =3 times the upper limit of normal

(ULN) were both 0.3% [between-group
difference 0.0 (95% CI -0.2, 0.2)]; the
proportion of patients whose last ALT

measurement was >3 times the ULN were
0.8% and 0.6%, respectively [between-group
difference 0.0 (95% CI —0.0, 0.5)]. One patient
in each group had a last value of ALT or AST >3
times the ULN with a simultaneous elevation of
the total serum bilirubin >2 times the ULN.

Serum Creatinine

Similar proportions of patients had a last
measurement of serum creatinine with an
increase of >0.3 mg/dL (1.8% and 1.7% in the
sitagliptin and the non-exposed groups,
respectively). The proportions of patients who
met the predefined criterion of two or more
consecutive serum creatinine measurements
with an increase from baseline of >0.3 mg/dL,
or an increase from baseline of >50% were also
similar in the two groups (0.8% and 0.6%,

respectively).

DISCUSSION

An increase in the number of classes of
antihyperglycemic therapy options available
for the treatment of patients with type 2
diabetes
effective and well-tolerated therapies that are
needed for management of this chronic disease.

offers patients more choices of

Assessment of the risk/benefit profile of each
class, and specific agents within each class,
determines their value for patient
management, and this has been acknowledged
by the continued evolution of treatment
guidelines [1]. DPP-4
which provide physiologic increases in the
GLP-1 and inhibitory

polypeptide (GIP), offer the potential to be a

Selective inhibitors,

incretins gastric
preferred option for the management of
hyperglycemia, since they lack many of the
adverse effects observed with other diabetes
medications (e.g., hypoglycemia, weight gain)
[13]. Nevertheless, continued assessment of the
safety and tolerability profile of newer agents,
including DPP-4 inhibitors, is necessary as more
patients are exposed to such treatments, both

through expanded analyses of controlled
clinical trial data as well as ongoing
pharmacovigilance activities. While
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Table 5 Adverse events for which the 95% confidence intervals around the difference in incidence rates excludes zero

Adverse event

Incidence rate per 100 patient-years"

Sitagliptin 100 mg Non-exposed Difference between sitagliptin
and non-exposed (95% CI)°
Sitagliptin > non-exposed
Acne 0.2 0.0 0.1 (0.0, 0.3)
Atrial fibrillation® 0.4 02 0.2 (0.0, 0.4)
Chest discomfort 0.3 0.1 0.2 (0.0, 0.4)
Constipation 2.3 1.8 0.6 (0.0, 1.1)
Dermatitis contact 0.6 0.3 0.3 (0.0, 0.6)
Dyspepsia 2.0 14 0.6 (0.0, 1.1)
Gilbert's syndrome 0.1 0.0 0.1 (0.0, 0.2)
Hepatomegaly 0.1 0.0 0.1 (0.0, 0.3)
Ischemic cardiomyopathy 0.1 0.0 0.1 (0.0, 0.2)
Lipoma 0.2 0.0 0.1 (0.0, 0.3)
Micturition urgency 0.1 0.0 0.1 (0.0, 0.2)
Ovarian cyst 0.1 0.0 0.1 (0.0, 0.2)
Periodontitis 0.3 0.1 0.2 (0.0, 0.3)
Rash macular 0.2 0.0 0.1 (0.0, 0.3)
Rash vesicular 0.1 0.0 0.1 (0.0, 0.2)
Tibia fracture 0.1 0.0 0.1 (0.0, 0.2)
Vaginal hemorrhage 0.1 0.0 0.1 (0.0, 0.2)
Non-exposed > sitagliptin
Albumin urine present 0.0 0.2 —0.1 (—0.3, —0.0)
Blood glucose decreased 0.7 1.3 —-0.5 (—0.9, —0.1)
Blood glucose increased 2.0 3.1 —1.1 (—1.8, —0.6)
Blood triglycerides increased 0.5 0.7 —0.3 (—0.6, —0.0)
Bradycardia 0.0 0.2 —0.2 (0.3, —0.1)
Diarrhea 6.6 8.4 — 1.4 (—2.5, —0.4)
Fatigue 1.6 2.1 —0.5 (=11, —=0.0)
Hypoglycemia 6.7 13.0 —63 (=76, -—é.l]
Hypoesthesia 0.7 1.0 —0.4 (=07, —0.0)
Neck pain 0.6 0.9 —0.3 (=07, —0.0)
Neurodermariris 0.0 0.1 —0.1 (0.2, —0.0)
Peripheral edema 22 3.0 —0.8 (—1.4, —0.2)

&) Springer H lihcare

Exhibit 14 - 180



Diabetes Ther

Table 5 continued

Adverse event

Incidence rate per 100 patient-years®

Sitagliptin 100 mg

Difference between sitagliptin

Non-exposed
and non-exposed (95% cnd

Pharyngeal erythema 0.0
Sepsis 0.0
Sinus headache 0.1
Suicidal idearion 0.0
Thrombophlebitis 0.0
Urine ketone body present 0.0
Weight increased 0.8
White blood cell count increased 0.1
Upper airway cough syndrome 0.0
Vitreous detachment 0.0
Wheezing 0.0

0.1 —0.1 (=0.2, —0.0)
0.1 —0.1 (—0.2, —0.0)
0.3 —0.2 (=04, —0.1)
0.1 —0.1 (=02, —0.0)
02 —0.1 (=0.3, —0.0)
0.1 —0.1 (—03, —0.0)
1.4 —0.6 (—1.0, —0.2)
03 —02 (—0.4, —0.0)
0.1 —0.1 (0.3, —0.0)
0.1 ' ~0.1 (=02, —0.0)
0.1 —0.1 (=0.3, —0.0)

100 x (number of patients with >1 event/patient-ycars of follow-up time)
b Between-group difference and 95% CI based on stratified analysis. Positive differences indicate that the incidence rate for
the sicagliptin group is higher than the incidence rate for the non-exposed group. 00" and *—0.0" represent rounding for

values thar are slightly greater and slightly less than zero, respectively
© When atrial fibrillation and atrial flutter were combined, the between-group difference was 0.2 (95% CI —0.0, 0.4).
Incidence rates for atrial flucter were 0.0 and 0.1 for the sitagliptin and the non-exposed groups, respectively, with a between-

group difference of —0.1 (95% CI —0.2, 0.0)

pharmacovigilance activities, which include
assessment of post-marketing adverse event
reports, are of value in identifying potential
safety signals, it is well-recognized that these
voluntary, spontaneous adverse event reports
are derived from a population of uncertain size;
thus, it is generally not possible to reliably
establish the incidence of such events or to
establish a causal relationship between a
medication and a specific adverse event.
Assessment of the incidence of adverse events
from randomized, controlled, clinical trials
standard for

remains the gold rigorous

evaluation of potential safety issues,

Prior pooled randomized,
controlled, clinical trials with sitagliptin, the
first-marketed DPP-4 inhibitor, indicated that
this agent was generally well tolerated in studies

up to 2years in duration. These data were

analyses of

generally consistent with subsequent pooled
analyses of other DPP-4 inhibitors using
patient-level data [14-16] as well as with meta-
analyses of the DPP-4 class using study-level
data 3, 17, 18].

In this current report, the safety and
tolerability of sitagliptin was assessed in an
expanded pool of studies that comprised over

14,000 patients, representing the largest
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patient-level data set published to date for a
DPP-4 inhibitor. This updated analysis, which
expanded on the prior analysis by the addition
of six clinical trials, 4,365 patients and 3,114
patient-years of exposure, revealed that
treatment with sitagliptin was generally well
tolerated, with exposure-adjusted incidence
rates of adverse events generally similar to
those observed with control therapy that did
not include sitagliptin or other DPP-4 inhibitor.

The attainment of currently recommended
glycemic goals is limited, in large part, by the
increased incidence of hypoglycemia seen with
intensive therapies, and particularly with
glucose-independent regimens, which include
sulfonylureas and insulin. Incretin-based
therapies, which provide a glucose-dependent
mechanism for enhanced insulin secretion and
reduced secretion, should
theoretically be devoid of this risk. Consistent
with  this
analysis of symptomatic hypoglycemia in
studies in which sitagliptin was wused as

glucagon

mechanistic consideration, the

monotherapy or combination therapy (where
there was no use of sulfonylureas or insulin)
revealed similar rates of symptomatic
hypoglycemia for sitagliptin-treated patients
compared with non-exposed patients (who
either metformin, or

received placebo,

pioglitazone as comparator agents). The
incidence of symptomatic hypoglycemia was
lower in the pooled sitagliptin-treated
population, mainly related to the use of
sulfonylureas as a comparator in several
studies. As reported in several clinical trials,
the addition of

containing sulfonylurea or insulin resulted in

sitagliptin to regimens

an expected increase in the incidence of

symptomatic  hypoglycemia  related to

improvements in glycemic control and a
general ambient

lowering  of glucose

concentrations [19, 20]. These findings are

consistent with those seen with other classes
of antihyperglycemic agents that do not cause
hypoglycemia when used as monotherapy, but
do so when added onto sulfonylureas or insulin
[21, 22]. Thus, in the context of combinations
of antihyperglycemic therapies, the risk
of hypoglycemia should be
considered in choosing appropriate treatment

carefully

combinations.

An increase in the incidence of GI symptoms
is characteristic of treatment with GLP-1
receptor agonists and with metformin. In the
current similar exposure-
adjusted in both
treatment groups for nausea, vomiting, a

of terms

pooled analysis,

incidences were seen
composite endpoint related to
abdominal pain, and a composite of diverse GI
adverse events. Consistent with earlier pooled
analyses [5, 6], there was a lower incidence of
diarrhea and a higher incidence of constipation
observed in the sitagliptin treatment group.
These findings were, in part, related to the
known effects of metformin on increasing the
incidence of diarrhea. However, in a sensitivity
analysis in which the confounding effects of
metformin as a comparator was removed, a

incidence of
observed.  The
mechanism underlying this observation is not

modest increase in the

constipation = was  still

understood; while DPP-4 inhibitors have not
been observed to slow gastric emptying, it
possible  that the
elevations in GLP-1 may have an impact on

remains physiologic
intestinal motility.
Interest in the relationship between
antihyperglycemic agents and pancreatitis was
triggered originally by post-marketing reports of
acute pancreatitis in patients with type 2
diabetes treated with exenatide [23, 24]. Post-
marketing reports of acute pancreatitis in
patients treated with all currently marketed
GLP-1 mimetics and DPP-4 inhibitors have
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been observed, and are noted in the labeled
information for these products,
sitagliptin ~ [25].
represent

including
Post-marketing  reports

voluntary, spontaneous adverse

event reports regardless of etiology or
probability that the medication caused the
adverse event. Additionally, post-marketing
events are reported from a population of
uncertain size; thus, it is generally not possible
to reliably establish the frequency of such
events or to establish a causal relationship
between a medication and a specific adverse
event. As noted by the US Food and Drugs
Administration (FDA),

such as those contained in the FDA’s Adverse

spontaneous reports

Event Reporting System (AERS) database cannot
be used to calculate the incidence of an adverse
event [26]. Thus, an analysis of the AERS
database that revealed an increase in the
reporting rates for pancreatitis with sitagliptin
and with exenatide is difficult to interpret, in
part due to these intrinsic methodological
limitations [27]. In a recently published
analysis using a case-control study design,
Singh et al. [28] reported a higher rate of
hospitalizations for acute pancreatitis in
patients with type 2 diabetes associated with
the use of incretin-based therapies (sitagliptin
or exenatide), This analysis has a number of
methodological limitations, including the
absence of data on pre-disposing baseline
characteristics to allow for robust adjustment
for confounding factors, a lack of confirmation
of the diagnostic codes used, and lack of
adjustment for potential channeling bias [29],
which could result in preferential prescribing of
incretin-based therapies to patients who were at
greater risk for pancreatitis prior to treatment
due to age, obesity or other risk factors.
Randomized, controlled «clinical trial data
provide a more robust assessment of the

incidence of adverse events. In the current

pooled analysis, the incidence of acute
pancreatitis was similar in the sitagliptin-
treated and the non-exposed group, with
exposure-adjusted incidence rates of 0.1 and
0.1 events per 100 patient-years, respectively.
Similar findings were observed in the analysis of
the composite endpoint of acute and chronic
pancreatitis. These data are consistent with
those reported previously in a smaller pooled
analysis [4], and are also consistent with
the systematic pharmacoepidemiologic
retrospective cohort assessments performed in
two large insurance claims databases [30, 31].
Events of pancreatitis will also be assessed in the
sitagliptin cardiovascular outcome study TECOS
[32], in which over 14,000 patients are currently
enrolled; all cases of pancreatitis will be
investigated by an adjudication committee
(blinded to

standard criteria for confirmation of the

treatment assignment) using
diagnosis of pancreatitis.

The relationship between antihyperglycemic
therapies and malignancy has recently been a
focus of increased attention. This is of particular
importance in view of the reported association
between both obesity and diabetes with an
increased risk of malignancy [33], and recent
associations of pioglitazone with bladder cancer
[34], and dapagliflozin with bladder and breast
cancer [35]. In the current pooled analysis, the
exposure-adjusted incidence of malignancy was
similar for sitagliptin-treated patients and non-
exposed patients. The most common
malignancies observed (basal cell carcinoma,
and breast cancer) were

prostate cancer

reflective  of the demographics of the
population, and the incidence rates for these
malignancies were similar in patients treated
with sitagliptin and those not treated with
sitagliptin, Of additional note was the similar
incidence of pancreatic cancer in the two

treatment groups. The relatively short-term
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duration of exposure (<2 years) precludes
definitive conclusions regarding any potential
association with malignancy, but the lack of
any signal in this randomized, controlled,
clinical  trial database is reassuring.
Additionally, the incidence of cancer will be
assessed in the long-term cardiovascular
outcome study TECOS [32], in which a median
duration of follow-up of 4 years is anticipated.

As had been observed in a previous pooled
analysis [6], there was a slightly higher
incidence of non-malignant neoplasms in the
sitagliptin treatment group compared with the
non-exposed group (1.18 versus 0.60 events
per 100 patient-years). The between-group
difference in incidence rates did not exclude
zero for any non-malignant neoplasm other
than lipoma. The most commonly observed
non-malignant neoplasms (i.e., colonic polyp,
uterine leiomyoma, and lipoma) were
reflective of the expected pattern in the
adult [36-38], and

included a collection of disparate and diverse

general population
types of lesions of varying histology and

biology. The large number of unrelated
adverse event terms assessed in these pooled
analyses and the wvarying and diverse
histologies that underlie the reported non-
malignant neoplasms suggest that the small
increase in the incidence rate of non-
malignant neoplasms in the sitagliptin group
relative to the non-exposed group may be a
stochastic finding and not related to the use
of sitagliptin.

The incidence rate ratio of MACE in this
pooled analysis was 0.83 (95% CI 0.53, 1.30). It
is of interest that both preclinical and clinical
mechanistic studies have demonstrated benefits
of incretin-based therapies on cardiovascular
function and outcomes [39, 40]. These data

from the pooled analysis are consistent with a

potential beneficial effect of sitagliptin on
cardiovascular  outcomes, but definitive
evaluation of the cardiovascular effects of
sitagliptin awaits the completion of the TECOS
trial.

Over 17% of patients with diabetes are
reported to have chronic kidney disease, and
diabetes is associated with progressive renal
insufficiency [41]. Clinical trials of sitagliptin
in patients with moderate and severe renal
insufficiency have indicated that sitagliptin is
generally well tolerated in this population [7-
9]. In this current pooled analysis of patients
with normal or mildly impaired renal function,
the evaluation of the impact of sitagliptin on
renal function included an assessment of
predefined changes in serum creatinine, and
the incidence of adverse events related to
progressive renal dysfunction (proteinuria and
acute renal failure). For all of these measures,
no difference between the two treatment
groups was observed for the proportion of
patients reaching the predefined laboratory
abnormality thresholds or in the incidence of
adverse events of proteinuria or acute renal
failure.

The following are limitations of the present
pooled analysis: the results are from patients
included in randomized, controlled clinical
studies of up to years in duration and, thus,
may not be fully reflective of the use in the
general population, nor of more prolonged use;
the analysis focused on sitagliptin 100 mg/day,
the usual clinical dose; and there were multiple
comparisons made without an adjustment for
multiplicity, which increased the chances for
spurious findings. The strengths of these
analyses include the ability to account for all
reported adverse events using patient-level data,
and the large number of clinical trials and
patients analyzed.
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CONCLUSION

In this updated pooled safety analysis based on
data available as of December 2011 from over
14,000 patients with type 2 diabetes, treatment
with sitagliptin 100 mg/day was generally well
tolerated as monotherapy, as initial
combination therapy, and as add-on therapy
in double-blind, randomized clinical studies of
up to 2 years in duration. Continued assessment
of adverse events reported from clinical trials
and from the post-marketing environment is

ongoing.
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Table 7 Adverse events with at least 1 incident event per 100 patient-years in onc or both groups

Adverse event

Incidence rate per 100 patient-years®

Sitagliptin 100 mg

Non-exposed

Difference between sitagliptin
and non-exposed (95% CI)®

Gastrointestinal disorders SOC
Abdominal pain®
Constipation
Diarrhea
Dyspepsia
Gastritis
Gastroesophageal reflux disease
Nausea
Toothache

Vomiting

3.7
2.3
6.6
2.0
1.4
1.0
2.8
1.1
1.8

General disorders and administration site conditions SOC

Farigue

Peripheral edema
Infections and infestations SOC

Bronchitis

Gastroenteritis

Influenza

Nasopharyngitis

Pharyngitis

Sinusitis

Upper respiratory tract infection

Utinary tract infection
Investigations SOC

ALT increased

Blood glucose decreased

Blood glucose increased

Weight increased

1.6
2.2

3.7
2.1
4.0
7.3
1.7
2.3
7.8
3.9

L5
0.7
2.0
0.8

Metabolism and nutrition disorders SOC

Hyperglycemia
Hypoglycemia

1.4
67

Musculoskeletal and connective tissue disorders SOC

4.0
1.8
8.4
14
1.4
0.7
3.2
1.3
1.6

2.1
3.0

33
1.6
4.7
7.1
1.6
24
8.4
42

1.3
1.3
3.1
1.4

1.6
13.0

—03 (—1.1, 0.4)
0.6 (0.0, 1.1)
14 (=25, —04)
0.6 (0.0, 1.1)
0.0 (—0.4, 0.4)
0.3 (—0.0, 0.7)
0.2 (=09, 0.4)
—0.3 (=07, 0.1)
03 (—0.2, 0.8)

—0.5 (—1.1, —0.0)
—0.8 (—14, —02)

0.5
0.5
—-0.7
0.4
0.0
—0.0

—-0.5
—0.3

(
(

(_
(_.
(._
(_
(_
(_

0.2, 1.1
0.0, 1.0
1.5, 0.0
0.6, 1.4
0.5, 0.5)

)
)
)
)

0.6, 0.5)
1.6, 0.6)
1.1, 0.4)

02 (—0.2,07)

~0.5 (—0.9, —0.1)
—1.1(~18, —0.6)
—0.6 (—1.0, —02)

—~0.3 (—0.8, 0.2)
—63 (=7.6, =5.1)
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Table 7 continued

Adverse event Incidence rate per 100 patient-years®
Sitagliptin 100 mg Non-exposed Difference between sitagliptin
and non-exposed (95% CI)®

Arthralgia 33 3.6 —0.3 (—1.0, 0.4)

Back pain 42 39 2 (~0.5, 1.0)

Muscle spasms 1.1 13 0.2 (=06, 0.2)

Musculoskeletal pain 1.5 1.5 —0.1 (0.5, 0.4)

Myalgia 11 12 —0.1 (=05, 03)

Osteoarthritis 1.4 1.1 2 (—0.2, 0.6)

Pain in extremity 2.6 2.1 S5 (0.1, 1.0)
Nervous system disorders SOC

Dizziness 2.6 2.6 —0.0 (0.6, 0.6)

Headache 5.8 54 0.5 (—0.3, 1.4)

Hypoesthesia 0.7 1.0 —0.4 (—0.7, —0.0)

Paraesthesia 1.1 1.1 —0.1 (—0.5, 0.3)
Psychiatric disorders SOC

Depression 1.3 12 0.2 (—02, 0.6)

Insomnia 1.4 1.3 0.1 (=04, 0.5)
Respiratory, thoracic, and mediastinal disorders SOC

Cough 2.5 24 0.0 (—0.6, 0.6)

Oropharyngeal pain 1.2 1.1 0.1 (—0.3, 0.5)
Skin and subcutaneous tissue disorders SOC

Rash 12 0.9 0.3 (0.1, 0.7)
Vascular disorders SOC

Hypertension 34 34 —0.1 (-0.8, 0.6)

ALT alanine aminotransferase, SOC system organ class
¥ 100 x (number of patients with >1 event/patient-ycars of follow- -up time)

> Between- -group difference and 95% CI based on stratified analysis. Positive differences indicate that the incidence rate for
the sitagliptin group is higher than the incidence rate for the non- exposed group. “0.0” and “—0,0" represent rounding for
values that are slightly greater and slightly less than zero, respectively
© Abdominal pain includes abdominal pain, upper and lower abdominal pain, and abdominal and epigastric discomfort
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Table 8 Analysis of malignant ncoplasms

Malignant neoplasm

Incidence rate per 100 patient-years®

Sitagliptin 100 mg Non-exposed

Difference between sitagliptin
and non-exposed (95% cn

Adenocarcinoma pancreas

Astrocytoma malignant

B-cell lymphoma

Basal cell carcinoma

Bladder cancer

Bladder ctransitional cell carcinoma

Breast cancer

Carcinoid tumour of the small bowel
Colon cancer

Diffuse large B-cell lymphoma

Endometrial cancer metastatic

Fallopian tube cancer

Gastric cancer

Glioblastoma multiforme

Hepatic neoplasm malignant

Hepatic neoplasm malignant non-resectable
Laryngeal cancer

Lip and/or oral cavity cancer

Lung adenocarcinoma metastatic

Lung carcinoma cell type unspecified stage IV
Lung neoplasm malignant

Lung squamous cell carcinoma stage unspecified
Lymphoma

Malignant melanoma

Metastases to bone

Metastatic renal cell carcinoma
Myelodysplastic syndrome

Non-small cell lung cancer

Oesophageal adenocarcinoma

Ocsophageal cancer metastatic

Ovarian epithelial cancer

0.00 0.02
0.00 0.04
0.02 0.00
0.14 0.19
0.03 0.02
0.02 0.00
0.09 0.07
0.00 0.02
0.09 0.04
0.02 0.00
0.00 0.02
0.00 0.02
0.02 0.00
0.00 0.02
0.02 0.02
0.00 0.02
0.02 0.00
0.02 0.00
0.00 0.02
0.02 0.00
0.00 0.04
0.02 0.00
0.00 0.02
0.05 0.07
0.03 0.02
0.02 0.00
0.00 0.02
0.02 0.00
0.00 0.02
0.00 0.02
0.02 0.00

—0.02
—0.04
0.01
—0.05 (—0.22, 0.11)
0.01
0.02
0.02 (—0.11, 0.15)
—0.02
0.06 (—0.06, 0.19)
0.02
—0,02
—0.01
0.02
—0.02
—-0.01
—0.02
0.02
0.02
—0,02
0.02
—0.04
0.02
—0.02
—0.02 (—0.14, 0.09)
0.01
0.02
—0.02
0.02
—0.02
—0.02
0.01
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Table 8 continued

Malignant neoplasm Incidence rate per 100 patient-years®

Sitagliptin 100 mg Non-exposed Difference between sitagliptin
and non-exposed (95% CI)®

Pancreatic carcinoma 0.03 0.04 —0.01
Pancreatic carcinoma metastatic 0.02 0.00 0.01
Prostate cancer 0.11 0.07 0.04 (—0.10, 0.17)
Prostate cancer metastatic 0.00 0.02 —0.02
Prostate cancer stage II1 0.00 0.02 —0.02
Rectal cancer 0.02 0.02 0.00
Renal cancer 0.02 0.00 0.02
Renal cell carcinoma 0.03 0.04 —0.01
Small cell lung cancer stage unspecified 0.02 0.00 0.02
Squamous cell carcinoma 0.02 0.04 —0.03
Squamous cell carcinoma of skin 0.08 0.02 0.06 (—0.04, 0.18)
Thyroid cancer 0.02 0.00 0.01
Uterine cancer 0.00 0.02 —0.02

* 100 x (number of patients with >1 event/patient-years of follow-up time)

b Berween-group difference and 95% CI based on stratified analysis. Positive differences indicate that the incidence rate for
the sitagliptin group is higher than the incidence rate for the non-exposed group CI was computed only for those endpoints
with at least four patients having events in one or more treatment groups
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Sitagliptin: review of preclinical and clinical data

regarding incidence of pancreatitis

S. S. Engel, D. E. Williams-Herman, G. T. Golm, R. J. Clay, S. V. Machotka, K. D. Kaufman,

B. J. Goldstein

SUMMARY

Recent case reports of acute pancreatitis in patients with type 2 diabetes (T2DM)
treated with incretin-based therapies have triggered interest regarding the possibil-
ity of a mechanism-based association between pancreatitis and glucagon-like pep-
tide-1 mimetics or dipeptidyl peptidase-4 (DPP-4) inhibitors. The objective of this
review was to describe the controlled preclinical and clinical trial data regarding
the incidence of pancreatitis with sitagliptin, the first DPP-4 inhibitor approved for
use in patients with T2DM. Tissue samples from muitiple animal species treated
with sitagliptin for up to 2 years at plasma exposures substantially in excess of
human exposure were evaluated to determine whether any potential gross or his-
tomorphological changes suggestive of pancreatitis occurred. Sections were pre-
pared by routine methods, stained with haematoxylin and eosin and examined
microscopically. A pooled analysis of 19 controlled clinical trials, comprising
10,246 patients with T2DM treated for up to 2 years, was performed using
patient-level data from each study for the evaluation of clinical and laboratory
adverse events. Adverse events were encoded using the Medical Dictionary for
Regulatory Activities (MedDRA) version 12.0 system. Incidences of adverse events
were adjusted for patient exposure. Tissue samples from preclinical studies in mul-
tiple animal species did not reveal any evidence of treatment-related pancreatitis.
The pooled analysis of controlled clinical trials revealed similar incidence rates of
pancreatitis in patients treated with sitagliptin compared with those not treated
with sitagliptin (0.08 events per 100 patient-years vs. 0.10 events per 100 patient-
years, respectively). Preclinical and clinical trial data with sitagliptin to date do not
indicate an increased risk of pancreatitis in patients with T2DM treated with sitag-
liptin

Review Criteria

An overview of the literature was performed to
describe the prevalence and aetiology of
pancreatitis. The effect of sitagliptin on pancreatic
histology was evaluated in different species
including mice, rats, dogs and monkeys. The
incidence of pancreatitis with sitagliptin was
analysed by pooling data from 19 controlled clinical
trials with sitagliptin.

Message for the Clinic

The incidence of pancreatitis is increased in
patients with type 2 diabetes (T2DM), and cases of
pancreatitis have been reported in patients using
most categories of antihyperglycemic medications
Recent postmarketing reports of pancreatitis in
patients using incretin-based antihyperglycemic
medications [i.e. the glucagon-like peptide-1
receptor (GLP-1R) agonist, exenatide and the
dipeptidyl peptidase-4 (DPP-4) inhibitor, sitagliptin]
have focused attention on this issue. Review of
available preclinical and controlled dlinical trial data
do not indicate an increased risk of pancreatitis in
patients treated with the DPP-4 inhibitor sitagliptin.

Introduction

Over the last decade, stimulation of glucagon-like
peptide-1 (GLP-1) receptor-mediated signalling has
been well validated as an approach for the treatment
of type 2 diabetes (T2DM). The GLP-1 receptor
agonists, GLP-1(7-36)-amide and GLP-1(7-37), here-
after collectively referred to as GLP-1, are produced
and secreted from enteroendocrine L-cells of the
intestinal epithelium. Key mechanisms responsible
for glucose lowering by GLP-1 receptor agonism are
stimulation of glucose-dependent insulin biosynthesis
and secretion, inhibition of glucagon release and
delayed gastric emptying.

Glucagon-like peptide-1 is rapidly hydrolysed
in vivo (t,/3 ~ 1-2 min) to produce a non-insulino-
tropic product, GLP-1(9-36) amide or GLP-1(9-37)

(1). Dipeptidyl peptidase-4 (DPP-4), a serine dipept-
idyl aminopeptidase that cleaves two N-terminal
amino acids from GLP-1 to generate a non-insulino-
tropic peptide with no agonist activity against the
GLP-1 receptor, is primarily responsible for this deg-
radation. Because of the rapid proteolysis of GLP-1
by DPP-4, the native peptide is not suitable for ther-
apeutic use. To overcome this problem, DPP-4-resis-
tant GLP-1 receptor agonists were developed as
injectable peptides for use in the treatment of
T2DM. Exenatide (exendin-4), a GLP-1 mimetic dis-
covered in lizard venom, was the first of these pep-
tides approved for therapeutic use (2).
Pharmacological inhibition of DPP-4 is an alter-
nate approach to increase the circulating concentra-
tions of endogenous active GLP-1 (3). Multiple
DPP-4 inhibitors have been identified and shown to

© 2010 Blackwell Publishing Ltd int J Clin Pract, June 2010, 64, 7, 984-990
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stabilise endogenous active GLP-1 and improve gly-
caemic control in patients with T2DM. In addition
to cleavage of GLP-1, DPP-4 has been shown to
cleave multiple substrates in vitro, but few of these
substrates have been validated as physiological sub-
strates in humans., GLP-1 and another incretin,
glucose-dependent insulinotropic polypeptide (GIP),
are well-validated incretin substrates in humans, and
both are rapidly metabolised to inactive peptides by
the action of DPP-4. In mice, both GLP-1 and GIP
have been shown to mediate the acute glucose lower-
ing effects of DPP-4 inhibitor treatment in a glucose
challenge paradigm (4). In patients with T2DM,
however, because the insulinotropic effect of GIP
may be diminished in this disease, DPP-4 inhibitors
are believed to mediate glucose lowering primarily
via stabilisation of GLP-1 (5).

Interest in the relationship between antihypergly-
caemic agents (AHAs) and pancreatitis has recently
emerged, triggered originally by reports of acute pan-
creatitis in patients with T2DM treated with exena-
tide (6,7). Initially described in a case report in 2006,
subsequent postmarketing reports of acute pancreati-
tis in patients treated with exenatide as well as in
patients treated with the DPP-4 inhibitor sitagliptin
(8), the first DPP-4 inhibitor approved for use in
patients with T2DM, have led to a focus on both the
preclinical and clinical experiences with exenatide,
other members of the GLP-1 agonist class, and the
DPP-4 inhibitor class. In this review, we discuss the
association of pancreatitis with T2DM, potential rela-
tionships between pancreatitis and medications other
than sitagliptin used to treat patients with T2DM,
and preclinical and clinical data on the incidence of
pancreatitis in patients treated with sitagliptin.

Aetiology and epidemiology
of pancreatitis in type 2 diabetes
mellitus

The actiologies of pancreatitis have been well
described in numerous population studies (9). The
most common inciting factors are gallstones (35—
40%) and alcohol abuse (~30%) (10). Other risk
factors for the development of acute pancreatitis
include anatomic abnormalities, hypertriglycerida-
emia, obesity, advancing age and use of drugs associ-
ated with pancreatitis, Patients with T2DM, who
have a higher incidence of several of these known
risk factors, have also been shown to have a higher
incidence of pancreatitis relative to the general popu-
lation. For example, in a multinational, placebo-
controlled clinical trial involving nearly 10,000
patients with T2DM, the incidence of pancreatitis in
the placebo group was 23 out of 4900 patients, or

© 2010 Blackwell Publishing Ltd Int J Clin Pract, June 2010, 64, 7, 984-930
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0.47%, over 5 years (11), for an estimated incidence
rate of 0.094 per 100 patient-years. In comparison,
annual incidence rates of pancreatitis in the general
population have been reported to range from 0.004
to 0.045 per 100 patient-years (12). A recently
published study using retrospective claims data from
the Ingenix® database, a large commercial US health
plan, assessed the incidence of acute pancreatitis in a
cohort of patients with T2DM; the reported inci-
dence rate of 0.422 cases per 100 patient-years was
greater than the rate of 0.149 cases per 100 patient-
years observed in a cohort of general medical
patients without diabetes [relative risk = 2.83 (95%
Cl: 2.61, 3.06)] (13). The rate of pancreatitis
increased with age in the non-diabetes cohort, but
remained relatively constant with advancing age in
patients with T2DM. The reason(s) for the apparent
higher risk of pancreatitis in patients with diabetes
remains unclear, but may relate to the higher rates of
known risk factors for pancreatitis, such as obesity,
hypertriglyceridaemia, age and the greater use of
medications potentially associated with pancreatitis
in patients with T2DM.

Drug-induced pancreatitis

Drug-induced pancreatitis appears to be a relatively
uncommon cause of pancreatitis, although the actual
incidence is difficult to determine (14). The use of
over 500 medications has been reported in patients
with pancreatitis in the literature as anecdotal case
reports, although the causal relationship of these
medications to cases of pancreatitis remains unclear.
This is due, in part, to incomplete information in the
case reports regarding dose, time course of onset of
pancreatitis in relation to initiation of the suspect
medication, other confounding potential aetiologies
and variable rechallenge experience. The interpreta-
tion of the aetiology of drug-induced pancreatitis in
patients with T2DM may frequently be confounded
by the concomitant use of medications that are com-
monly used in these patients and that have been asso-
ciated with reports of pancreatitis, including statins
and angiotensin-converting enzyme inhibitors (15).
Among published case reports of potential drug-
induced pancreatitis, there are few regarding AHAs.
Patients taking metformin have been reported to
develop pancreatitis, although all but one case report
involved an overdose or was in the setting of renal
failure (16-19). In a case—control study conducted in
Sweden between 1995 and 1998, the use of glyburide
among patients with T2DM was associated with
acute pancreatitis [adjusted odds ratio of 2.5 (95%
CI 1.1-5.9)] (20). The use of other members of the
sulphonylurea class in case reports of pancreatitis has
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included glimepiride and gliclazide (21,22). As
described above, case reports of acute pancreatitis in
patients treated with exenatide have also been pub-
lished (6,23,24).

In contrast to the limited number of reports in the
literature, a relatively higher number of postmarket-
ing reports of pancreatitis associated with a broad
range of AHAs has appeared in various databases.
These postmarketing events are reported voluntarily
from a population of uncertain size; thus, it is gener-
ally not possible to establish reliably the frequency of
such events or to establish a causal relationship
between a medication and a specific adverse event.
The Adverse Event Reporting System (AERS), which
replaced the Spontaneous Reporting System (SRS) in
October 1997, is a computerised information data-
base designed to support the U.S. Food and Drug
Administration’s (FDA) postmarketing safety surveil-
lance program for all approved drug and therapeutic
biological products. However, as noted on the FDA
web site, ‘AERS data do have limitations. First, there
is no certainty that the reported event was actually
due to the product. FDA does not require that a cau-
sal relationship between a product and event be pro-
ven, and reports do not always contain enough detail
to properly evaluate an event. Further, FDA does not
receive all adverse event reports that occur with a
product. Many factors can influence whether or not
an event will be reported, such as the time a product
has been marketed and publicity about an event’
(25). In particular, changes in reporting rates over
time because of external factors (e.g. heightened
interest in a specific adverse event related to reports
of similar events with other medications or increased
reporting rates for newly introduced medications)
have been identified as significant factors that con-
found comparisons between medications regarding
postmarketing reports of adverse events (26). Thus,
it is generally understood that ‘AERS cannot be used
to calculate the incidence of an adverse event in the
U.S. population’ (25).

Despite these limitations, the AERS database pro-
vides a method to aggregate submitted postmarketing
reports (27), which has resulted in recent updates to
the prescribing information regarding postmarketing
reports of pancreatitis for both exenatide and sitag-
liptin. In the context of the heightened interest
regarding the association of GLP-1 receptor agonists
and DPP-4 inhibitors with pancreatitis, a search of
the AERS and SRS databases for reports of pancreati-
tis observed with other classes of AHAs was con-
ducted by the authors, using data from 1968 through
the third quarter of 2008. This analysis revealed
reports of pancreatitis in patients using acarbose,
chlorpropamide, exenatide, glimepiride, glipizide,

insulin, metformin, miglitol, nateglinide, pioglitaz-
one, pramlintide, repaglinide and rosiglitazone. A
search of the same databases for commonly used
AHAs (not including insulin), using data from 1968
through the first quarter of 2009, revealed cases of
severe pancreatitis (i.e. haemorrhagic or necrotising)
in which the following drugs were considered suspect
therapy: acarbose, metformin, glimepiride, repagli-
nide, pioglitazone and rosiglitazone, in addition to
exenatide and sitagliptin. Thus, pancreatitis in
patients receiving AHAs in the postmarketing envi-
ronment has been reported across a broad range of
mechanistic categories and across the entire range of
clinical severity. However, whether these reports are
truly reflective of a relationship between the medica-
tions and the development of pancreatitis, or simply
reflective of the increased rate of pancreatitis in the
population of patients with T2DM, remains undeter-
mined.

Pharmacoepidemiological studies can also be used
to assess the incidence of postmarketing adverse
events through the use of insurance or health system
databases that comprehensively capture diagnostic
and prescription information. In one such study,
Dore et al. reported that the rates of acute pancreati-
tis among exenatide- or sitagliptin-treated patients
were similar to those observed among metformin- or
glyburide-treated patients (28). Similarly, Herrera
et al. described similar rates of acute pancreatitis
among patients prescribed exenatide, sitagliptin or
other oral AHA therapies (29). While such data are
reassuring, retrospective pharmacoepidemiological
studies can be confounded by other factors (30). For
example, interpretation of such analyses can be lim-
ited by the preferential channelling of patients to
specific therapies, which can lead to a bias that can-
not easily be adjusted for when interpreting results
(31,32). Thus, controlled trials provide the most rig-
orous method for assessing the incidence of adverse
effects of treatments.

Preclinical studies of sitagliptin

Extensive preclinical toxicity studies were performed
as part of the sitagliptin development programme
that informs on the occurrence of pancreatitis in a
range of animal species: in rats, separate 2-week,
3-month, 6-month and 2-year studies comprising
approximately 600 rats exposed to sitagliptin; in
mice, separate 3-month and 2-year studies compris-
ing approximately 550 mice exposed to sitagliptin; in
dogs, 2-week, 3-month, 6-month and 1-year studies
comprising 96 dogs exposed to sitagliptin as well as
a 3-month study comprising 45 dogs exposed to the
combination of sitagliptin and metformin; and in
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monkeys, a 3-month study comprising 24 cynomol-
gus monkeys exposed to sitagliptin (33).

In these studies in non-diabetic animals, sections
from the pancreas were reviewed for potential pan-
creatic toxicity. In all species studied, the pancreas
was carefully evaluated to determine whether any
potential gross or histomorphological changes associ-
ated with administration of sitagliptin occurred.
Sections were prepared by routine methods, stained
with haematoxylin and eosin, and examined micro-
scopically. Oral administration of sitagliptin for
3 months in monkeys, up to 12 months in dogs and
up to 2 years in rats and mice was not associated
with gross or histomorphological changes in the pan-
creas. There was no evidence of drug treatment-
related acute pancreatitis in any species studied.

These preclinical toxicity studies were performed
with doses that provided plasma exposures in excess
of anticipated human exposures (based on the recom-
mended dose of sitagliptin 100 mg/day), as measured
by the 24-h area under the plasma concentration time
curve {AUCq_34). In the above studies, the highest
dose tested in a 3-month study in rats was
2000 mg/kg/day, providing approximately a 271-fold
margin over human exposure. In a 6-month study in
rats, the highest dose studied was 180 mg/kg/day,
providing approximately a 23-fold margin over
human exposure, In the 2-year rat and mouse studies,
the highest dose studied was 500 mg/kg/day, provid-
ing approximately a 56- and 68-fold margin, respec-
tively, over human exposure. In dogs, the highest dose
studied was 50 mg/kg/day, providing approximately
a 28-fold margin over human exposure. In monkeys,
the highest dose studied was 100 mg/kg/day, provid-
ing approximately a 28-fold margin over human
exposure. Thus, at exposures well in excess of the
expected human exposure, these preclinical studies
did not reveal any evidence that administration of
high doses of sitagliptin results in changes in the pan-
creas of non-diabetic rats, mice, dogs or monkeys.

A recent publication by Matveyenko et al. reported
studies in which sitagliptin and metformin were
administered orally to transgenic rats overexpressing
human islet amyloid polypeptide (HIP) in the pan-
creas, a potential model of human T2DM (34). In
one of these studies, 2-month old wild-type and HIP
rats were fed a high-fat diet (HFD) and assigned to
one of five groups (n = 7-9); wild-type (no drug),
HIP rats (no drug), HIP rats administered sitagliptin
(200 mg/kg/day), HIP rats administered metformin
(200 mg/kg/day) and HIP rats administered sitaglip-
tin (200 mg/kg/day) + metformin (200 mg/kg/day).
Exposure levels in the HIP rats following a dose of
200 mg/kg/day of sitagliptin were not reported in
this study but, based on previous data, this dose is
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likely to have produced exposures approximately 20-
fold above exposures likely to occur in humans
administered the recommended dose of sitagliptin
100 mg/day. Sitagliptin and metformin were admin-
istered orally for 12 weeks. In this study, upon histo-
morphological evaluation of the pancreas from these
transgenic animals, it was noted that one of the 16
animals treated with sitagliptin, with or without met-
formin, had an area of pancreatitis. This area showed
marked necrotising pancreatitis characterised by
haemorrhagic necrosis, fibrosis, inflammatory cell
infiltration and areas of ductal metaplasia. The
authors stated that there were no observed effects in
any HIP rats not treated with sitagliptin, and that
pancreatitis was not observed in any of the other 89
HIP rats evaluated previously. However, the interpre-
tation of this isolated finding is complicated by the
limited amount of appropriate control data. The his-
torical data referenced in the paper appears to
include only approximately 13 HIP rats that were
placed on HED to induce insulin resistance and
hyperglycaemia. Thus, in the historical ‘control’
database, the limited number of animals fed a HFD
may have influenced the incidence of pancreatitis.

In contrast to the above findings of Matveyenko
et al. (34), using the high-fat/streptozotocin murine
model for T2DM in studies conducted at Merck
Research Laboratories (35), no pancreatic histopatho-
logical effects were observed with sitagliptin treatment
(33). To generate this model, 4-week-old male ICR
mice were placed on a HFD in which 60% of energy
intake is from fat. After 3 weeks of HED, the mice are
injected once with low-dose streptozotocin (90-
100 mg/kg i.p.) to induce partial insulin deficiency.
Three weeks after streptozotocin injection, the major-
ity of HFD/streptozotocin-treated mice display hyper-
glycaemia, insulin resistance and glucose intolerance.
The original purpose of this study was to explore the
effects of sitagliptin on beta cell mass and function,
and the primary results of the study have been recently
published (36). In this study, fifty 10-week old mice
were treated with sitagliptin at doses of up to
840 mg/kg/day for up to 10 weeks, resulting in
estimated exposures (based on exposure data in CD-1
mice from a 14-week dose-range-finding study
conducted to support the development of sitagliptin)
as high as approximately 120-fold relative to the
exposure in humans administered the recommended
dose of 100 mg/day. Background changes of very
slight focal chronic inflammation were seen in the
pancreas in both control (N = 41) and streptozotocin-
treated (N = 41) animals at similar incidences, with
no difference noted in sitagliptin-treated animals (33).
Of additional note is the study by Koehler et al,, in
which the effect of sitagliptin on the expression of
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genes associated with the development of pancreatitis
in mice was compared with metformin and the GLP-1
receptor agonists exenatide and liraglutide (37).
In contrast to the GLP-1 receptor agonists,
neither sitagliptin nor metformin significantly altered
pancreatic gene expression profiles. The same labora-
tory reported that in C57BL/6 mice (N = 6) treated
with sitagliptin at doses as high as ~370 mg/kg/day,
no histological evidence of pancreatitis was noted (D.
Drucker, personal communication, University of
Toronto, Toronto, ON, Canada). Another recent
report described an increase in pancreatic acinar
inflammation in Sprague-Dawley rats after chronic
administration of exenatide 10 pg/kg (38), although
the potential mechanism(s) responsible for this
finding in this rat model remains speculative.

Thus, with the exception of a report of the histo-
logical findings in a single animal from a study of a
genetically-altered rat model of diabetes, a broad
range of preclinical studies in both non-diabetic and
diabetic animals at exposures exceeding human expo-
sure did not demonstrate a relationship between use
of sitagliptin and the development of pancreatitis.

Clinical experience with sitagliptin

A previously published, pooled analysis of data from
12 double-blind, randomised clinical studies of up to
2 years in duration in patients with T2DM, compris-
ing 6139 patients treated with either sitagliptin or a
comparator agent (placebo or other AHA), was
conducted to assess for differences in the incidence
of adverse events between patients treated with
sitagliptin and patients not exposed to sitagliptin
(39). This pooled population included patients
treated with the usual clinical dose of sitagliptin
100 mg/day (administered either as 100 mg q.d. or
50 mg b.i.d.) or concurrent control for between 12
and 106 weeks in clinical studies that were complete
as of November 2007. Patients in the sitagliptin
group (N = 3415) received sitagliptin when used as
monotherapy, initial combination therapy with
metformin, or add-on combination therapy with
other AHAs including metformin, pioglitazone, a
sulphonylurea (with and without metformin), or
metformin + rosiglitazone. Patients in the control
(non-exposed) group (N = 2724) received placebo,
pioglitazone, metformin, a sulphonylurea (with and
without metformin), or metformin + rosiglitazone.
From each contributing study, the pooling was
conducted by including portions of studies with
controlled, parallel treatment groups. In this pooled
analysis, no difference in the incidence of pancreatitis
between patients treated with sitagliptin and patients
not exposed to sitagliptin was observed (39).

To examine more comprehensively the safety and
tolerability of sitagliptin, an updated pooled analysis
of data from 19 double-blind, randomised clinical
studies (including 7 additional studies relative to the
prior pooled analysis) of up to 2 years in duration in
patients with T2DM that were complete as of July
2009, and comprising 10,246 patients treated with
either sitagliptin or a comparator agent (placebo or
other AHA), was recently completed. Patients in the
sitagliptin group (N = 5429) received sitagliptin (as
either 100 mg q.d. or 50 mg b.i.d.) when used as
monotherapy, initial combination therapy with either
metformin or pioglitazone, or add-on combination
therapy with other AHAs including metformin,
pioglitazone, a sulphonylurea (with and without
metformin), insulin (with and without metformin),
or metformin + rosiglitazone. Patients in the
non-exposed group (N = 4817) received placebo,
pioglitazone, metformin, a sulphonylurea (with and
without metformin), insulin (with and without
metformin), or metformin + rosiglitazone. As in the
prior pooled analysis, from each contributing study,
the pooling was conducted by including portions of
studies with controlled, parallel treatment groups.

This safety analysis used patient-level data from
each study for the evaluation of clinical and labora-
tory adverse events, Adverse events were encoded
using the MedDRA (Medical Dictionary for Regula-
tory Activities; version 12.0) system, a validated ter-
minology database developed by the International
Conference on Harmonisation. The specific MedDRA
preferred terms used in this analysis were pancreati-
tis, acute pancreatitis and chronic pancreatitis. To
account for the different exposures for the sitagliptin
group compared with the non-exposed group, an
exposure-adjusted analysis of incidence was con-
ducted. For patients who had one or more events,
person-time was computed beginning with the date
of randomisation and ending with the date of the
first event. For patients who did not have an event,
person-time was computed beginning with the date
of randomisation and ending 14 days after the last
dose of study medication. Adverse events were
expressed as exposure-adjusted incidence rates (i.e.
number of patients with an event divided by patient-
years of exposure). Differences in incidence rates
between treatment groups were computed for all
end-points, and the corresponding 95% confidence
intervals (Cls) were calculated using the method of
Miettinen and Nurminen (40), stratified by study, In
most studies included in this analysis, glycaemic
rescue therapy was to be implemented based upon
protocol-specified hyperglycaemic criteria. Glycaemic
rescue medications included metformin, pioglitazone,
a sulphonylurea, or increased doses of insulin (in the
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glycaemic rescue: sitagliptin 100 mg vs. non-exposed

Table 1 Person-time adjusted analysis of pancreatitis and pancreatitis acute adverse events including data after

n/Patient-years of exposure

Difference vs. non-exposed

Adverse event end-point Treatment (100 patient-years event rate)* (95% CIyt

Pancreatitis/pancreatitis acute Sitagliptin 100 mg 474708 (0.08) -0.02 (~0.20, 0.14)
Non-exposed 4/3942 (0.10)

Pancreatitis Sitagliptin 100 mg 3/4708 (0.06) 0.06 (-0.04, 0.19)
Non-exposed 0/3943 (0.00)

Pancreatitis acute Sitagliptin 100 mg 1/4709 (0.02) —0.08 (-0.25, 0.03)
Non-exposed 4/3942 (0.10)

n = Number of patients with > 1 occurrence of the end-point.

*Patient-years of exposure were computed as the total time in the treatment period + 14 days for patients who did not have an
event, and as the total time up to the time of the first event for patients who had an event.
195% CI computed using the Miettinen & Nurminen method stratified by study.

add-on to insulin study). The analysis in this pooled
safety population focused on the results that
included data obtained both before and after a
patient initiated rescue therapy.

As presented in Table 1, the incidence rate for the
combined adverse events of pancreatitis and pancrea-
titis acute was similar for both groups (0.08 and 0.10
per 100 patient-years), with a between-group differ-
ence (95% CI) of —0.02 (—0.20, 0.14). For the spe-
cific events of ‘pancreatitis acute’ and ‘pancreatitis’,
the 95% CI for the between-group difference in the
event rates also included zero. For the adverse event
of chronic pancreatitis, the event rates per 100
patient-years were 0.04 and 0.03 for the sitagliptin
group and the non-sitagliptin-exposed group, respec-
tively, with a between-group difference (95% CI) of
0.02 (—0.11, 0.13). In these clinical trials, there were
no cases of haemorrhagic or necrotising pancreatitis,
and no fatalities associated with pancreatitis were
reported. Among the four patients in the sitagliptin
group who had an adverse event of pancreatitis or
pancreatitis acute, one had a prior medical history of
recurrent pancreatitis, two had pancreatitis associated
with gallstones and one had severe hypertriglycerida-
emia. Among the four patients in the non-exposed
group who had an adverse event of pancreatitis or
pancreatitis acute, two had a prior medical history of
chronic pancreatitis. Thus, this recent pooled analysis
of 19 controlled clinical studies does not suggest an
increased risk of pancreatitis in patients treated with
sitagliptin.

Conclusion

Assessment of the safety of investigational and mar-
keted drugs is an ongoing process that incorporates
a variety of distinct, yet complementary, approaches.

© 2010 Blackwell Publishing Ltd Int J Clin Pract, June 2010, 64, 7, 984-990

These approaches include, among others, preclinical
studies in multiple species, typically involving drug
exposures that greatly exceed the anticipated expo-
sure in patients; controlled Phase I clinical studies
in healthy subjects, also typically involving drug
exposures that exceed the anticipated exposure in
patients; controlled Phase II and Phase III clinical
studies in the targeted patient population at thera-
peutic drug exposures; and postapproval analyses of
clinical trial data, spontaneous postmarketing reports
of adverse events and pharmacoepidemiological
studies of large databases. As described in the pres-
ent report, the preclinical and clinical trial data
developed with sitagliptin to date do not indicate an
increased risk of pancreatitis in patients with T2DM
treated with sitagliptin. Nevertheless, as postmarket-
ing events of pancreatitis have been reported for
patients with diabetes while being treated with vari-
ous AHAs, including sitagliptin, continued surveil-
lance of the postmarketing experience and
assessment of adverse events in patients participating
in controlled clinical trials with sitagliptin are ongo-
ing. Additional preclinical and clinical studies that
are directed towards a better understanding of the
potential relationship between specific medications,
diabetes itself, and the incidence and severity of
pancreatitis may lead to further knowledge in this
area.
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Abstract

Objective To determine it the use of sitagliptin in newly treated palients
with type 2 diabetes is associated with any changes in clinical outcomes.

Design Retrospective population based cohort study.

Setting Large national commercially insured US claims and integrated
laboratory database.

Participants Inception cohort of new users of oral antidiabetic drugs
between 2004 and 2009 followed until death, termination of medical
insurance, or December 31 2010.

Main outcome measure Composile endpoint of all cause hospital
admission and all cause mortality, assessed with time varying Gox
proportional hazards regression after adjustment for demographics,
clinical and laboratory data, pharmacy claims data, healthcare use, and
time varying propensity scores.

Results The cohort included 72 738 new users of oral antidiabetic drugs
(8032 (11%) used sitagliptin; 7293 (91%) were taking it in combination
with other agents) followed for & total of 182 409 patient years. The mean
age was 52 (SD 8) years, 54% (39 573) were men, 11% (8111) had
ischemic heart disease, and 9% (6378) had diabetes related
complications at the lime their first antidiabetic drug was prescribed. 14
215 {20%) patients met the combined endpoint. Sitagliptin users showed
similar rates of all cause hospital admission or mortality to patients not
using sitagliptin (adjusted hazard ratio 0.98, 95% conlfidence inlerval
0.91 to 1.08), including patients with a history of ischemic heart disease
(adjusted hazard ratio 1.10, 0.94 to 1.28) and those with estimated
glomerular filtration rate below 60 mL/min (1.11, 0.88 to 1.41).

Conclusions Sitagliptin use was not associated with an excess risk of
all cause hospital admission or death compared with other glucose

lowering agents among newly treated patlents with iype 2 diabetes. Most
patients prescribed sitagliptin in this cohort were concordant with clinical
practice guidellnss, in that it was used as add-on treatment.

Introduction

Glycemic control is considered one of the cornerstones in the
management of type 2 diabetes. In addition to lifestyle changes,
most patients will need glucose lowering treatment; most
international guidelines recommend metformin as first line
treatment."* Qver the past few years, several new treatments
have been introduced, most notably the new class of oral
“incretin” drugs known as the dipeptidyl peptidase-4 (DPP-4)
inhibitors. The DDP-4 inhibitors lower blood glucose by
inactivating DPP-4, an enzyme responsible for metabolizing
the gastrointestinal hormone glucagon-like peptide-1, which is
responsible for augmenting the release of insulin in response to
a rise in blood glucose.

Sitagliptin was the first DPP-4 inhibitor based treatment to be
marketed in the United States in 2007, followed by saxagliptin
in 2009. DPP-4 inhibitors are considered weight neutral and
have been shown to modestly improve modulators of
cardiovascular risk, including triglycerides, low density
lipoprotein cholesterol, high density lipoprotein chalesterol,
and blood pressure; however, the data are relatively inconsistent
across studies.*® Several pooled safety analyses have suggested
potential benefits associated with DPP-4 inhibitors. A recent
meta-analysis of 18 phase III randomized controlled trials
reported that DDP-4 inhibitors were associated with a 52% (95%
confidence interval 0.31% to 0.75%) relative sk reduction in
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major adverse cardiovascular events (cardiovascular death,
non-fatal myocardial infarction or acute coronary syndrome,
stroke, arrhythmias, and heart failure) compared with other
active or placebo treatment.” However, no evaluation of broader
outcomes of interest to clinicians such as all cause death or all
cause hospital admissions were reported. To date, evidence on
the potential benefits or risks of DPP-4 inhibitors is lacking,
and, given recent experiences with other novel glucose lowering
treatments such as thiazolidinediones, concerns exist.®®

Although several studies assessing specific safety endpoints
(pancreatitis, upper respiratory tract infections, renal failure)
have been done,"" to our knowledge no large comparative
cffectiveness studies have evaluated sitagliptin, the most widely
prescribed and longest marketed DPP-4 inhibitor in the United
States, in “real world” patients with broader outcomes including
all cause hospital admissions or mortality. We thus designed
this study to compare outcomes associated with sitagliptin
treatment compared with other glucose lowering agents. We
hypothesized that the use of sitagliptin would not be associated
with increased risk of hospital admission, mortality, or
cardiovascular events.

Methods

We did a population based retrospective cohort study using a
large US claims and integrated laboratory database that included
employed, commercially insured patients with dependants from
all 50 states (Clinformatics Data Mart, OptumInsight Life
Sciences Inc). Patient level data are collected directly from the
clinical encounter, providing a unique, clinjcally rich source of
information. The database has been widely used and includes
de-identified longitudinal data on patients, including
administrative and demographic data (type of insurance plan,
sex, age, dates of eligibility, income) and all billable medical
service claims including inpatient and outpatient visits and
medical procedures (de-identified physician and facility
identifier, date and place of service, cost of service, admission
and discharge dates, procedure and diagnosis codes), all
laboralory tests and results (lipids (high density lipoprotein
cholesterol, low density lipoprotein cholesterol, triglycerides),
renal function (creatinine, proteinuria), liver function, blood
glucose (glycated hemoglobin), complete blood count, and so
on), and pharmacy claims data (de-identified prescribing
physician, drug dispensed based on national drug codes, quantity
and date dispensed, drug strength, days’ supply, cost of
service)."'” All clinical diagnoses are recorded according to
ICD-9-CM (international classification of diseases, 9th revision,
clinical modification) codes and procedure codes (according to
ICD-9 and current procedural terminology 4 codes). The
database contains more than 13 million annual lives, and data
are updated every 90 days. We de-identified and accessed the
data by using protocols compliant with the Health Insurance
Portability and Accountability Act.

Cohotrt selection

We identified an inception cohort of new users of oral
antidiabetic drugs between the index years of January | 2004
and December 31 2009. We defined new users as those with no
prescription records for any antidiabetic drug, including insulin,
for one year before their index date (that is, the date of the first
claim for their antidiabetic drug).'" ™ To be included, all patients
had to be at least 20 years of age on the index date, be enrolled
in a commercial medical insurance plan, and have one year of
continuous medical insurance before the index date (fig 1:)).
We excluded patients starting insulin as their first antidiabetic

[No commercial reuse: Sge rights and reprinls hlipifeesss b compermissicns

agent, but progression from oral antidiabetic treatment to insulin
was allowed during follow-up. We subsequently followed all
patients until death, termination of medical insurance, or
December 31 2010, providing a maximum follow-up of six
years. As saxagliptin was released only in July 2009, and few
patients were using it in our inception cohort (n=610), we
excluded these patients from our primary analysis, although we
included them in a sensitivity analysis.

Qur primary outcome was all cause hospital admission or death.
We also analyzed each component of the composite endpoint
(all cause death or all cause hospital admission) separately. In
addition, we evaluated the effect of sitagliptin on cardiovascular
related hospital admissions (ICD-9-CM codes 410, 411.1, 428,
430-438) and the combined endpoint of cardjovascular related
hospital admission or all cause mortality. For the composite
outcomes, we used time to the first event (either admission date
or date of death) as the dependent variable (failure time) in our
main analysis. Patients who did not reach the outcome of interest
were censored at their study exit date. We ascertained vital status
through linkage to the US national death index file.” This is
considered to be highly valid and reliable for matching of death,
with greater than 98% sensitivity when social security number
data are available, as in our case.” We did not have access to
cause of death in the data.

Analysis

As the patterns of glucose lowering treatment are quite complex,
we used time varying Cox proportional hazards regression to
estimate more precisely the effect of exposure to drug. In these
analyses, we set imec zero at the start of the first oral antidiabetic
drug use.” We established time varying exposure to oral
antidiabetic drugs and insulin on the basis of the expected
duration of each prescription by using the “days’ supplied” field
in the prescription drug dispensations database.” We considered
patients to be exposed to the drug of interest unless they did not
refill their prescription for two consecutive periods (based on
the days’ supply field) of the previous prescription, We then
considered patients as unexposed to the drug of interest for the
period of time from the end of the first consecutive period to
the end of the study or until they restarted the drug. Subsequent
definitions whereby we considered participants as non-exposed
immediately after the expected duration and definitions that
allowed for a 14 day “grace period”™ did not appreciably change
our results and are otherwise not presented. We attributed
outcome events to the drugs the patient was expected to be
receiving at the time of the event, and we assumed no legacy
or carryover effects from remote exposure to any of the glucose
lowering drugs for the primary analysis, although we assessed
legacy effects in sensilivity analyses.

Exposure to antidiabetic drugs

For the primary exposure of intetest, for each day of follow-up,
we classified exposure to antidiabetic drugs into six categories
that were not mutually exclusive: any sitaghiptin use, any
metformin use, any sulfonylurea use, any thiazolidinedione use,
other oral antidiabetic drug use (acarbosc, meglitinides,
pramlintide), and any insulin use. For analyses, we included
cach drug exposure class in the model as a dummy variable with
the reference group being no exposure to the drug of interest
(for examiple, exposure to sitagliptin compared with no exposure
to sitagliptin, after adjustment for use/non-use of other
antidiabetic drugs). We classified patients receiving combination
pills (such as sitagliptin and metformin) as receiving both agents
concurrently (that is, any sitagliptin use and any metformin use).
In addition, we specifically evaluated the potential effects of
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sitagliptin in subgroups at high risk, such as those with a history
of ischemic heart disease or those with estimated glomerular
filtration rate below 60 mL/min at the index date. Secondarily,
as current clinical practice guidelines recommend that sitagliptin
should be used as add-on treatment,' * we specifically evaluated
the effects of sitagliptin used in combination. Thus, we further
classified drug exposure into mutually exclusive categories of
combination treatment and included this variable in our model
as our exposure of interest: sitagliptin plus metformin, sitagliptin
plus a sulfonylurea, and metformin plus a sulfonylurea. For
these analyses, the metformin plus sulfonylurea combination
treatment group served as our reference category (usual
guideline recommended care).'

Confounding variables

In addition to the time varying exposure to oral antidiabetic
drugs and insulin, we included numerous additional confounding
variables in the Cox regression models as time fixed variables
in the analyses on the basis of the most recent value within one
year before starting glucose lowering treatment, as sitagliptin
has been shown to alter several potential risk factors.” The
specific variables included were age, sex, socioeconomic stalus
(type of medical insurance and median household income
according to the 2010 US census™), clinical laboratory data

(glycated hemoglobin, high density lipoprotein cholesterol, low .

density lipoprotein cholesterol, triglycerides, estimated
glomerular filtration rate (according to the modified diet in renal
disease calculation: >90, 89.9-60, 59.9-30, <30 mL/min),
albuminuria, hemoglobin concentrations), and prescription drugs
(for example, antiplatelet drugs, anticoagulants, statins, calcium
chammel blockers, B blockers, angiotensin converting enzyme
inhibitors/angiotensin receptor blocker, renin inhibitors,
diuretics, nitrates). For patients who did not have specific
clinical laboratory data measured, we used the missing indicator
approach for all analyses.” To further control for comorbidities,
we used the adjusted clinical groups score derived from the
Johns Hopkins ACG system, version 9,7 which is a single
comorbidity score weighted by the 32 adjusted diagnostic groups
that performs equally to or better than the Charlson and
Elixhauser comorbidity scores.” In addition, we included the
expanded diagnosis cluster for diabetes to further control for
diabetes specific complications.” We also included adherence
to glucose lowering treatments in our models by using the
medication possession ratio based on the prescription days’
supply field.

To further control for confounding by indication, we used
several techniques. Firstly, as we have previously done,”
assuming that sicker patients are more likely to be admitted to
hospital, we included the total number of hospital admissions
in the year before the index date as a covariate in analyses.
Secondly, from the Johns Hopkins ACG system, we included
the total number of chronic conditions identified as a marker of
global comorbidity, as well as a medically frail condition marker
as derived by the system (for example, any occurrence of
malnutrition, abnormal weight loss, morbid obesity, dementia,
falls, decubitus ulcer).” Lastly, as others have, we included a
time varying propensity score whereby we updated the
propensity or probability of receiving sitagliptin every three
months throughout the follow-up period by using all available
data to date.” The propensity score contained almost 60
variables, including demographic variables (age, sex, age-sex
interaction, state, type of insurance), socioeconomic factors
(income), comorbidities, health service use, laboratory data,
markers of frailty, and drug treatments. We observed no
clinically important differences in covariates within fifths of
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the propensity score between patients exposed to sitagliptin and
those not exposed. For example, for patients in the highest
propensity fifth, background use of both metformin (82% v
83%) and sulfonylureas (32% v 31%) was very similar for
sitagliptin users and non-users.

Sensitivity analyses

To evaluate the robustness of our results, we did several
additional analyses. Firstly, as sitagliptin was not available until
2007, we restricted our new user cohort to the years of 2007-09.
Secondly, we excluded all patients using insulin treatment, as
insulin may be viewed as a marker for more advanced disease,
and repeated our analyses. Thirdly, we modified our definition
of exposurc whereby we considered patients as unexposed to
the drug of interest for all future petiods if they stopped using
the drug for at least two consecutive periods (that is, restarting
of drugs was not allowed). Fourthly, we evaluated any “legacy”
effects by considering patients as exposed in all future time
perods if they had any previous exposuce to the drug of interest.
Fifthly, we censored patients if they stopped all antidiabetic
drugs (including insulin) for at least two consecutive periods.
Sixthly, we combined sitagliptin use with users of saxagliptin
(n=610) to evaluate the overall effect of DDP-4 inhibitors.
Seventhly, we evaluated the association between sitagliptin use
and acute pancreatitis or upper tespiratory tract infections, which
have been reported in the literature."” ' * Lastly, we repeated
our main analyses using a high dimensional propensity score
that uses an algorithm to empirically identify candidate
covariates. This method creates and prioritizes potential
confounders by using all available diagnostic codes, procedural
codes, hospital admissions, drugs, and laboratory values. From
this exhauslive lisl, the top 500 most influential covariates on
the association of interest are selected to generate the propensity
score. Use of the high dimensional propensity score has been
shown to improve effect estimates compared with predefined
covariate based propensity scores.”

Results

Between 2004 and 2009, 72 738 new users of oral antidiabetic
drugs met the inclusion and exclusion criteria (lig L1}). The
average age was 52 (SD 9) yeats, 54% were men, 10% had a
history of ischemic heart disease, and 9% had diabetes related
complications (table 1i). We tdentified 8032 (11%) patients
who used sitagliptin at any point during the study. Although
statistical differences existed between sitagliptin and
non-sitagliptin users owing to the large numbers, few clinically
important differences existed with the exception that sitagliptin
users tended to have higher use of insulin treatment and higher
rates of diabetes related complications (table 1}J). Among
sitagliptin users, most (7293; 91%) used sitagliptin as an add-on
treatment with other oral ageuts, consistent with current clinical
practice guidelines.

By the end of follow-up (182 409 patient years with a mean
duration of 2.5 (SD 1.7) years), our primary composite endpoint
had occurred in 14 215 (20%) patients: 14 121 (19%) patients
were admitted to hospital at least once, and 520 (1%) died (table
21). Users of sitagliptin had lower crude incident rates of all
cause hospital admission or all cause mortality compared with
other antidiabetic agents. However, in time varying multivariable
Cox regression analysis, sitagliptin nsers had similar hazards
for the primary composite endpoint to sitagliptin non-users after
adjustment for the use of other glucose lowering strategies,
demographics, and clinical and comorbidity data (adjusted
hazard ratio 0.98, 95% confidence interval 0.91 to 1.06) (table
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24). Similarly, sitagliptin users had a similar risk to non-users
for the combined endpoint of cardiovascular related hospital
admissions or all cause mortality (adjusted hazard ratio 0.92,
0.79 1o 1.07), all cause mortality (1.14, 0.79 to 1.65), all cause
hospital admissions (0.98, 0.91 to 1.06), and cardiovascular
related hospital admissions (0.90, 0.77 to 1.07) (table 2[;; fig
24).

Among patients with a history of ischemic heart disease,
sitagliptin users had a similar risk to non-users for the primary
composite endpoint (adjusted hazard ratio 1.10, 0.94 to 1.28),
the combined endpoint of cardiovascular related hospital
admissions or mortality (0.99, 0.77 to 1.27), all cause mortality
(1.02, 0.53 to 1.99), all cause hospital admissions (1.10, 0.94
to 1.28), and cardiovascular related hospital admissions (0.98,
0.76 to 1.27). Similarly, in those with estimated glomerular
filtration rate below 60 mL/min, sitagliptin uscrs had a similar
risk 1o non-users for the primary composite endpoint (adjusted
hazard ratio 1.11, 0.88 to 1.41), the combined endpoint of
cardiovascular related hospital admissions or mortality (0.86,
0.34 to 1.37), all cause mortality (0.99, 0.34 to 2.89), all cause
hospital admissions (1.10, 0.87 to 1.40), and cardiovascular
related hospital admissions (0.92, 0.57 to 1.50) (fig 24).

Compared with users of metformin plus a sulfonylurea, users
of sitagliptin plus a sulfonylurea had a similar risk for our
primary composite endpoint (adjusted hazard ratio 1.03, 0.76
to 1.39), whereas use of sitagliptin plus metformin was
associated with lower risk (0.82, 0.72 to 0.93). Subsequent post
hoc analyses in which we restricted our entire cohort to only
new users of metformin (n=55 678), which is recommended
first line treatment for most patients with type 2 diabetes,
confirmed these results: adjusted bazard ratio 0.85, 0.74 t0 0.98
for addition of sitagliptin to metformin compared with addition
of a sulfonylurea to metformin. However, an analysis of only
new users of sulfonylureas as first line treatment did not show
any difference between those patients who switched to sitagliptin
plus metformin and users of sulfonylurea who added metformin
(adjusted hazard ratio 1.04, 0.71 to 1.53).

Restriction of cohort entry to begin in 2007 did not materially
change our results for sitagliptin use compared with non-use
for the primary combined endpoint (adjusted hazard ratio 1.00,
0.91 to 1.10). Analyses excluding insulin users produced nearly
identical results to our main findings on use of sitagliptin for
the composite endpoint (adjusted hazard ratio 1.01, 0.94 to
1.09). Our results were also robust to changes in the definition
of exposure whereby we considered patients as unexposed if
they stopped the drug of interest for at least two consecutive
periods (that is, no restarts allowed) (adjusted hazard ratio 0.97,
0.90 to 1.05), as they were to consideration of a legacy effect
of any previous exposure (0.97, 0.91 to 1.04) and censoring of
patients after they discontinued all drugs, including insulin, for
at least two consecutive periods (0.99, 0.91 to 1.06). The
inclusion of the 610 patients using saxagliptin provided nearly
identical results to those observed with sitagliptin alone (adjusted
hazard ratio (.98, 0.91 to 1.05). We also found no association
between the use of sitagliptin and the risk of acute pancreatitis
(adjusted hazard ratio 1.10, 0.68 to 1.77) or the risk of acute
upper respiratory tract infections (P=0.97) or pancrealic cancers
(P=0.96) compared with sitagliptin non-users. Finally, the
inclusion of a high dimensional propensity score did not change
any of our estimates materially (adjusted hazard ratio 1.02, 0.95
to 1.10 for sitagliptin users compared with sitagliptin non-users
for the primary combined endpoint).

No commerdial reuse: See rights and reprinls hip #vves

Discussion

In our Jarge clinically rich population, we found that the use of
sitagliptin was not associated with any appreciable excess risk
of all cause hospital admission or all cause mortality in a broad
spectrum of patients with newly treated diabetes or in higher
risk groups such as those with a history of ischemic heart disease
or with reduced kidney function. Importantly, we also did not
observe any safety “signals” related to cardiovascular related
hospital admissions or death, supporting the premise that
sitagliptin seems to be safe in patients with diabetes, at least if
used in the manner in which it was used in this cohort. To our
knowledge, this is the first study to evaluate the comparative
effectiveness and safety of sitagliptin, or any of the DPP-4
inhibitors, at the population level. Given the current controversy
about other antidiabetic agents, most notably the
thiazolidinediones, this is important information for patients
and for clinicians managing blood glucose concentrations in
patients with diabetes.

Comparison with other studies

Although this is the first population based study assessing the
effect of DPP-4 inhibitors on mortality and cardiovascular
events, our results are broadly consistent with previous
observational studies that have shown that sitagliptin is not
associated with an increased risk of acute pancreatitis'® "
however, unlike previous studies,”® we did not find any
association with upper respiratory tract infections, although
previous estimates of upper respiratory tract infections may
have substantial reporting bias." Our results are not consistent
with recent meta-analyses of published and unpublished
randomized controlled trials reporting that various DDP-4
inhibitors (alogliptin, dutogliptin, linagliptin, saxagliptin,
sitagliptin, and vildagliptin) are associated with statistically
significant 30-60% reductions in major adverse cardiac events
and non-significant 33% and 48% reductions in all cause and
cardiovascular death compared with other active drugs or
placebo treatment.” * * Importantly, these analyses included
studies of relatively short duration and that enrolled highly
selected patients. Although modulation of the glucagon-like
peptide-1 system has been shown to have pleiotropic effects on
the cardiovascular system,’ ** we did not observe any significant
benefits, or risk, at the population level. However, our analyses
also soggest that sitagliptin was prescribed in our cohort for
patients with more advanced diabetes, given the higher rates of
complications of diabetes at baseline and higher glycated
hemoglobin values. Thus, despite the use of time varying
propensity scores, any potential beneficial effects of sitagliptin
on morbidity and mortality may have been masked by the higher
baseline risk of patients prescribed sitagliptin in our cohort.

Combination treatment

Our results also suggest that differences may exist berween the
use of sitagliptin in combination with metformin and the use of
sitagliptin in combination with sulfonylureas. Whether this
effect is truly related to the use of sitagliptin as opposed to a
metformin effect is uncertain. A large body of observational
data on the use of metformin has consistently shown that users
of metformin have lower morbidity and mortality rates than
sulfonylurea users.'”  * * However, in our cohort, metformin
users tended to have better glycemic control at baseline and less
comorbidity and were less likely to use additional treatment, so
our results may simply represent residual confounding, On the
other hand, we found that those metformin treated patients
prescribed sitagliptin as add-on treatment had better outcomes
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than those prescribed a sulfonylurea as add-on treatment. As
metformin is recommended first line treatment for most patients
with type 2 diabeles, our results may have important implications
for the selection of add-on treatment in these patients. However,
we acknowledge that these analyses were post hoc and
exploratory in nature and should be considered hypothesis
generating rather than definitive.

Strengths and limitations of study

Despite several strengths of our study, including the availability
of detailed clinical data (such as glycated hemoglobin,
cholesterol, and markers of renal function), the use of advanced
statistical techniques including time varying propensity scores,
and the relatively large sample size of new users of antidiabetic
agents, several limitations are inherent to our work. Firstly, and
most importantly, this is an observational study and any results
must be interpreted with caution. Our results may be attributed
to selection bias in that physicians may have given or withheld
sitagliptin in patients perceived to be at varying degrees of risk,
which even time varying propensity scores cannot fully adjust
for. Secondly, we were not able to fully adjust for unmeasured
confounders such as blood pressure or body weight. For
example, sitagliptin may have been reserved for heavier patients
because of its nentral effect on weight gain. However, this
selection bias would actually strengthen our conclusions on the
safety of sitagliptin, as it would have biased towards higher
event rates in sitagliptin users; thus, if anything, our results
would have underestimated any potential benefits of sitagliptin
on morbidity or mortality. Moreover, although we did not have
actual blood pressure measurements, we did include physician
assigned diagnosis of hypertension or related comorbidities, as
well as all major blood pressure lowering drug classes, in both
our propensity score and adjusted analyses. A third limitation
is that our population largely consisted of middle aged patients
with commercial health insurance. Fourthly, as DPP-4 inhibitors
have only recently been marketed, our study had a relatively
short follow-up duration (mean 2.5 years). Although no short
term adverse events were noted with sitagliptin, the longer term
safety of sitagliptin cannot be fully elucidated yet, Finally, we
did not have data on other potential adverse oulcomes not
requiring admission to hospital and thus cannot comment on
the safety of sitagliptin with respect to these endpoints.

Conclusions

Our results suggest that clinicians have rapidly adopted the use
of sitagliptin in the management of type 2 diabetes, but in most
cases it 1s being used as add-on treatment rather than initial
monotherapy (congruent with guidelines during the time of our
study)."? Initial evidence from phase Il clinical trials and
pre-clinical data suggest cardiac benefits with DPP-4 inhibitors,
but we did not observe any clinically important effects in newly
treated patients with type 2 diabetes. Although results of the
ongoing Trial Evaluating Cardiovascular Outcomes With
Sitagliptin (TECOS) are needed to definitively assess the safety
of sitagliptin in patients with diabetes and cardiovascular
disease, the trial is not scheduled to report for several years and
will not cover the comparative effectiveness and safety of
sitagliptin in the broader population with diabetes. Until then,
our observational data provide evidence of the comparative
effectiveness and safety of this agent and support the
recommendations in current clinical practice guidelines to use
sitagliptin as needed in people with diabetes.'*
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Tables

Yable 1| Baselline characteristics according to drug use at any time during follow-up. Values are numbers (percentages) unless stated
otherwise

No silagliptin exposure Exposed to sitagliplin Exposed to metformin Exposed to

Characteristics {n=64 706} {n=8032) (n=61979) sultonylurea (n=22470) P value*
Mean (SD) age (years) 52.4 (9.5) 52.2 (9.1) 52.0 (9.4) 52.1 (9.5) 0.20
Male sex 35008 (54) 4565 {57) 33127 (53) 13 284 (59) <0.001
Mean (SD) income ($) 48 152 (6060} 48 371 (6235) 48 198 (6083) 47 953 (5867) <0.01
Type of insurance: o . . —_

Paint of servica 39 124 (60) 4887 (61) 37 727 (61) 13 473 (58) <0.001

Exclusive provider 11435 (18) 1471 (18) 11 053 (18) 4129 (18)

Preferred pravider 6446 (10) 958 (12) 6403 (10) 2620 (12)

Health maintenance 7088 (11) 650 (8) 6243 (10) 2444 (11)

Independent 610 (1) 65 (1) 550 (1) 204 (1)

Other 3 (0) 1(0) 3(0) 00}
Clinical parameters at baseline
Mean (SD) adjusted diagnostic groups 8(9) 8(9) a{9) 9(9) 0.36
comorbidity score e
History of cardiovascular disease:

Ischemic heart disease 7213 (11) 898 {11) 6345 (10) 2569 (11) 0.93

Heart failure 1638 (3) 210 (3) 1314 (2) 748 (3) 0.66

Myacardial infarction 692 (1) a7 (1) 558 (1) 293 (1) 0.91

Dyslipidemia 3t 512 (49) 4028 £50) 29 750 {48) 9951 (44) 0.01

Hypertension 38 624 (60) o 4687 (58) 36 434 (59) 12 674 (56) 0.02

Arrhythmia 2899 (4) 363 (B) 2516 (4) 1030 (5) 0.87

Valve disease_ = . | 1_509 (_2) R 204 (32 _— 1357 (2) _ 525 (2) 0.25
History of diabetes complicatlons at 5551 (9) 827 (10) 4831 (8} 2268 (10) <0.001
Index date
Estimated glomerular filtration rate
calegories (mL/min):

<30 _110(0.2) ) 22 (0.3) 25 (0.04) 74(03)

3010 <60 _3438 (5) 416 (5) I 2775 (4) 1307 (6) <0.001

6010 <90 37 006 (57) 4237 {53} 35 496 (57) 11 361 (51)

290 24 152 (37) 3357 (42) 23 683 (38) 9728 (43)
Albuminuria (25 g/dL) 1969 (3) 289 (4) 1901 (3) 728 (3) <0.01
Mean (SD) total choleslerol (mg/dL) 197 (50) 197 (54) 198 (51) 203 (55) 0.90
Msan (SD) triglycerides {mg/dL) 220 {292) 235 (316) 222 (300} 249 (355) <0.001
Mean {SD) HDL cholesterol {mg/dL) 45(12) 44 (12) 44 (12) 44 (12) <0.001
Mean (SD) LOL cholesterol {mg/dL) 114 (37) 112 (36) 114 (36) 116 (39) 0.17
Mean (SD) HbA,_ (%) 7.5 (1.8) 8.0 (2.0 7.6 (1.7) 8.3 (2.1) <0.001
Mean (SD) hemoglobin (g/dL) 14.3 (1.5) 14.5 (1.5) 14.3 (1.5) 14.4 (1.6) <0.001
D_Lug use = .
Any metformin use 55 124 (85) N 6855 (85) 61 979 (100) 16 825 (75) 071
Any sulfonylurea use 19 493 (30) 2977 (37} 16 825 (27) 22 470 (100) <0.001
Any thiazolidinedione use 16 941 (26) 2839 (35) 14 680 (24) 6859 (31) <0.001
Any other oral antidiabetic agent use 1189 (2) 321 (4) 1031 (2) 558 (2) <0.001
Any insulin use 2812 (4) 742 (9) 3034 (5) 2074 (9) ) <0.001
ACE inhibitor/ARB/renin inhibitar 24 008 (37) 2959 (37) 22 736 (37) 7175 (32) 0.65
Staltin 20 330 (31) 2300 {28} 18 964 (31) 5308_(_2_4_) <0,001__
B blocker 13 644 (21) 1566 {20} 12 552 (20) 4366 (19) 0.001
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Table 1 {continued)

No sitagliptin exp Exposed to sitagliptin  Exposed to metfarmin Exposed to

Characterislics {n=64 T06) (n=0032) (n=61978) sulfonylurea (n=22 470) P value*
Dihydro calcium channel blocker 7526 (12) 835 (10) 6908 (11) 2463 (11) 0.001
Non-dihydro calcium channel blocker 2501 (4) 261 (3) 2251 (4) 791 (4) <0.01
Nitrates 1706 (3) 178 (2) 1463 (2) = 567 (3) 0._03
Diuretics 11 409 (18} 1209 (15) 10499 (17) 3482 (16) <0.001
Anticoagulanis 1253 (2) 161 (2) 1068 (2) 419 (2) 0.68
Antiplatelet agents 2244 (3) 269 (3) 1951 (3) 694 (3) 0.58
Healtheare use
Inpallent hospital admissions in year
hefore index date: _____ e e B -

0 50 479 (92) 7517 (34) 57 796 {93) 20 292 (90)

1 4285 (7) 453 (B) 3702 {6) 1885 (8) <0.001

>2 672 (1) 62 (1) 481 (1) 294 (1)
Frailty condilion 2013 (3) 253 (3) 1940 (3) 692 (3) 0.85
Chronic conditlons belore index date:

=1 21 490 (33) 2570 (32) 21 214 (34) 8027 (36) 0.03

2 13 245 (20) 1566 (19) 12791 (21) 4502 (20}

>3 29 871 (46) 3897 (44 27 974 (45) 9940 (44)
Mean (SD) drug possesslon rallo for 0.68 (0.64) 0.75 (0.55) 0.69 (0.63) 0.71 (0.40) <0.001

diabetes related drugs ; — e —————=

Drug columns are nol mutually exclusive.
ACE=anglolensin converting enzyme; ARB=angiotensin receptor blocker; HbA, ~glycated hemoglobin; HDL=high dansity lipoprolein; LDL=low densily lipoproteln.

*No sitagliptin exposure compared with exposed to sitagliptin.
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Table 2} Outcomes according to antidiabetlc drug exposure

Tima al risk (person Unadjusted ratic  Ad]usted h d ratlo (95%
Agent* years} Eventa—No (%) (95% CI) cit P value
All cause hospital admission or all cause mortality
Any sitagliptin use 9360 803 (10) 1.01 (0.94 to 1.09) 0.98 (0.91 to 1.06) 0.63
Any metformin use 93 002 7965 (13) 0.83 {0.81 to 0.86) 0.88 (0.85 to 0.91) <0.001
Any sulfonylurea use 30 456 3 501 (15) 1.35 (1.30 to 1.40) 131 (1.26 to 1.37) <0.001
Any Ihlazolldlned_lprle_gse__ 28 853 2477 (13) 0.94 (0.90 to 0.98) 0.98(0.9410 1.02) 035
Other antidiabetic drug uset 1396 o 182 (12) 1.33 {(1.15t0 1.54) 1.21 {1.05to 1.41) 0.01
Any Insulin usa 3825 679 (20) 2.08 (1.93 0 2.25) 1.89 (1.75 to 2.05) <0.001
All cause mortalily
Any silagliptin use 11 307 32 (0.4) 1.02 {0.71 to 1.48) 1.14 {0.79 to 1.65) 0.47
Any meiformin use 105 400 172 (0.3) 0.41 (0.34 10 0.49) 0.78 {0.64 to 0.97) 002
Any sulfonylurea use 36 405 137 (0.6) 1.49 (1.23 10 1.82) 1.53 (1.24 to 1.87) <0.001
Any thiazolldinedione use 33057 68 (0.3) 0.70 (0.54 to 0.90) 0.72 (0.55 to 0.93) 0.01
Other antidiabetic drug uset 1713 17 (1) 2.88 (1.77 t0 4.70) 3.29 (2.01 to 5.39) <0.001
Any insulin use 5801 67 (1) 3.66 (2.82 to 4.76) 3.42 (2,61 to 4.48) <0.001
All cause hospital admission
Alsilagliplin use ) 3360 797 (10) 1.(]1_[.0._94 to 1.09) __0.98 (0.91 to 1._06) = 0.60
Any metformin use 93 002 7942 (13) 0.83 (0.81 to 0.86) 0.88 (0.84 to 0.91) <0.001
Any sulfonylurea use 30 456 3478 (15) 1.35 (1.30 to 1.40) 1,31 (1.26 to 1.37) <0.001
Any thiazolidinedione use 28 853 2463 (12) 0.94 (0.90 to 0.98) 0.98 (0.94 to 1.03) 0.39
Other anlidiabetle drug usef 1396 180 (12) 1.32 (1.1410 1.53) 1.21 (1,04 to 1.40) 0.01
Any insulin use 3825 673 (19) 2.08 {1.92 10 2.25) 1.89 (1,74 10 2.04) <0.001
Cardlovascular related hospital admission
Any sitagliptin use 10920 156 (2) 1.05 (0.89 to 1.23) 0.90 (0.77 to 1.07) 0.23
Any mstformin use 103 371 1315(2) 0.71 {0.65 lo 0.76) 0.79 (0.73 to 0.87) <0.001
Any sulfonylurea use 35098 739 (3) 1.59 (1.46 10 1.73) 1.32 (1.20 to 1.44) <0.001
Any thiazolidinedione use 32 325 488 (2) 1.03 (0.93 1o 1.13) 1.03(0.9310 1.14) 0.55
Other antidiabelic drug_u_sei 1629 48 (3) 1.77 {1.33 to 2.36) - 1.38 {1.03 10 1.84) - ﬂ?___
Any insulin use 5320 193 (4) 2.53(2.18 10 2.94) 2.15 (1.8510 2.51) <0.001
Cardi lar related hosp lssion or all cause mortality
Any sitagliptin use 10 820 178 (2) 1.04 (0.90 lo 1.22) _0.&?2 (0.79t0 1.07) 0.29
Any metformin use 103 371 1443 (2) 0.67 (0.62 10 0.72) 0.78 (0.72 to 0.84) <0.001
Any sulfonylurea use 35098 825 (4) 1.55(1.43 10 1.68) 1.32 (1.21 1o 1.44) <0.001
Any \hiazolidinedione use 32325 538 (3) 0.99 (0.90 to 1.09) 0.98 (0.90 to 1.08) 0.74
Other antidiabellc drug use 1629 57 (3) 1.84 (1.41 t0 2.39) 1,49 (1.14 to 1.94) 0.003
Any insulin use 5320 232 (5) 2.66 (2.32 to 3,04} 2,32 (2.02 to 2.67) <0.001

*Relerence categary for each agent Is “no exposure ta thal agent” (for example, sltagliptin use v na sitagliptin use).

+Time varying Cox proportional hazards madels adjusted lor age, sex, socioeconomic status, clinical laboratary data (glycated hemoglobin, high density lipoprotein
cholesterof, low density lipoprotein cholesterol, trigycerides, estimated glomerular filtration rate, albuminuria, hemoglobin concentrations), prescriplion drugs,
Johns Hopkins adjusted clinical groups scare, expanded diagnosis cluster for diabetes, adherence to glucose lowering treatments, total number of hospital
admissions in year before index date, total number of chronic conditions, medically (rail condilion marker, and lime varying propensily score.

tAcarbose, meglitinides, pramlintide.
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Figures

~ Recolved oral glucose lowering theraples (1=251 887)

Major exclusion (n=179 149): |
120 yeais of age (n=1837)
<1 year histary before stanting diabetes therapy
(N=172'908) W |
First diabetes drug was insulln monotherapy (n=3794)
Rﬁfqivo% saxagliptin (included In sensitivity analysfs) |
=610)

Included In analyses (172 738)

Fig4 Wafor exclusions fromigtugdy

Hazard ratlo (95% C1)
Any sitagliptin use ==t
Any sitagliptin uze In patients with histary af IND o e
Any sitagliptin use in patients with 2GR «60 mL/ min e - -—
High dimensional propensity scone —l—
0.80 1.00 1.20 1.40
Reduced risk

1.60

Increased risk

Fig 2 Adjusted hazard ratios and 95% confidence intervals for the outcome of all cause hospital admission or all cause
death according to sitagliplin exposure (compared with no sitagliptin use in time varying Cox proportional hazards analysis
adjusted for covariates in footnote to table 2). eGFR=estimated glomerular filtration rate; IHD=ischemic heart disease
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1. Background information on the procedure

The European Medicines Agency (EMA) was made aware of findings by a group of academic
researchers suggesting an increased risk of pancreatitis and cellular changes in patients treated for
type 2 diabetes mellitus (T2DM) with GLP-1 based therapies (glucagon-like peptide 1 (GLP-1) agonists
and dipeptidylpeptidase-4 (DPP-4) inhibitors)*. The findings resulted from the histological examination
of 34 pancreata obtained from brain dead organ donors. The pancreata of eight individuals with T2DM
who were treated with sitagliptin (n = 7) or exenatide (n = 1) for a year or more were compared to 12
pancreata from individuals with T2DM treated with other therapies and 14 pancreata from non-diabetlc
individuals. The investigators described a number of findings in the pancreata of the T2DM individuals
treated with GLP-1 based therapies which could implicate an association of the treatment with
increased risk of pancreatitis and neoplasms.

It was noted that the current product information of all centrally authorised GLP-1 based therapies
contains warnings about pancreatitis and that pancreatitis is listed as a reported event. In addition, the
incidence rates of pancreatitis and the potential occurrence of pancreatic cancer for authorised GLP-1
based products is being investigated as part of several ongoing studies. However, in view of the new
evidence, the Committee for Medicinal Products for Human Use (CHMP) was requested to investigate
the emerging data and to give an opinion, under Article 5(3) of Regulation (EC) 726/2004, on the
potential impact on centrally authorised GLP-1 agonists and DPP-4 inhibitors products, in consultation
with the Pharmacovigilance Risk Assessment Committee (PRAC). In case concerns are identified, the
Committees are to indicate whether these should be further investigated at Community level.

2. Scientific discussion

2.1 Introduction

Glucagon-like peptide 1 based therapies are approved for the treatment of patients with type 2
diabetes. These therapies include GLP-1 receptor agonists (exenatide, liraglutide and lixisenatide) and
DPP-4 inhibitors (sitagliptin, vildagliptin, saxagliptin and linagliptin) which, albeit in different ways,
increase the exposure to GLP-1.

Glucagon-like peptide 1 is a gut hormone secreted by the intestinal epithelial endocrine L-cells as a
response to the presence of nutrients in the lumen of the small intestine. Once in the circulation, GLP-1
has a half-life of one to two minutes, due to rapid degradation by the enzyme dipeptidyl peptidase-4
(DPP-4). Due to the short half-life, GLP-1 analogues, resistant to the action of DPP-4, and DPP-4
inhibitors have been developed. The mechanism of these products is to increase the exposure to
incretin hormones (mainly GLP-1) which leads to a glucose dependent stimulation of alpha and beta
cells. The main actions of GLP-1 are to stimulate insulin secretion (i.e., to act as an incretin hormone)
and to inhibit glucagon secretion (the normal glucagon response to hypoglycaemia is not impaired),
thereby contributing to limit postprandial glucose excursions. It also inhibits gastrointestinal motility
and secretion and thus acts as an enterogastrone and part of the "ileal brake" mechanism. Glucagon-
like peptide 1 also appears to be a physiological regulator of appetite and food intake. A number of
additional sites with GLP-1 receptors have been discovered including the heart and the nervous
system. There are studies supporting that GLP-1 can regulate signaling pathways coupled to cell
proliferation and apoptosis.

1Butler et al, Marked Expansion of Exocrine and Endocrine Pancreas With Incretin Therapy in Humans With Increased
Exocrine Pancreas Dysplasia and the Potential for Glucagon-Producing Neuroendocrine Tumors; Diabetes. 2013 Jul;
62(7):2595-604.
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The efficacy of GLP-1 receptor agonists and DPP-4 inhibitors has been demonstrated. In terms of
safety, the most common adverse events seen in clinical trials with GLP-1 receptor agonists are of
gastrointestinal character; mainly nausea, vomiting and diarrhoea. However, the incidence diminishes
over time. Other identified risks include pancreatitis, immunogenicity, acute renal failure and rapid
weight loss. Identified and potential risks with DPP-4 inhibitors include hypoglycaemia,
hypersensitivity, gastrointestinal disorders, pancreatitis, skin disorders, transaminase elevation and
infections.

The current review was initiated further to the findings by a group of academic researchers suggesting
an increased risk of pancreatitis and cellular changes in patients treated for T2DM with GLP-1 based
therapies (Butler et al, 2013). The CHMP. considered the recently published article on this matter and a
review of available pre-clinical and clinical information with respect to pancreatic safety was
undertaken. The PRAC was consulted, as applicable. The outcome of an ad-hoc expert meeting held
was also considered. Only relevant information for the discussion is presented hereinafter.

2.2 Butler et al (2013)

A summary of the main findings of the publication by Butler et al, 2013 is described hereinafter.

Study design and methods
The study examined pancreata from organ donors with type 2 diabetes mellitus (DM) treated by

incretin therapy (n=8) or other therapy (n=12) and non-diabetic controls (n=14). All pancreata were
procured from brain dead organ donors by the JDRF Network for Pancreatic Organ Donors with
Diabetes (nPOD) coordinated through the University of Florida in Gainesville, Florida. The eight
subjects who received incretin therapy had been treated for a year or more (seven treated with the
DPP-4 inhibitor sitagliptin and 1 with the GLP-1 agonist exenatide).

The subjects characteristics, including age, duration of disease, body mass index (BMI), treatments
received and captured cause of death are listed below.
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Table 1 Clinical characteristics of brain-dead organ donors (as presented in the publication)

Age Diration of DM By
Cuse (years) (years) sex (kg,fmz) Treatments Canse of deach
DAL
6167 74 1 r 39 Jonuvia ICIVstroke
(DR 44 15 M 41 Januvin, metfomin Anoxia
G186 68 5 M 21 Januvia, metformin ICHstruke
L& 14 26 * 36 HByvtra, medormin, glpiidy Stroke
61 53 20 M Hiij Januvia, insulin pen ICIVstroke
194 47 1 M 2 Iurendin, NovoLog, Janavia 10 sroke
6203 68 5 M 33 Jamvia, medonin Strake
13405 &) 10 M 42 Januvia, medormin Stroke
Mean (SEM) 58 (4) 12 (3) 33 3)
DM
61029 33 17 M 30 Tisulin Gunshot wowmd to head
BuUs 18 .3 1" 39 Nowe Cardiovascwur
[0 57 2) M J0 Metfomin ICIUstroke
G110 20 0,2 I 40 Nome ICHUstrola, DRA
Gl 18 — ¥ 33 Nome ICIVsoke, DKA
Gl a2 2 M 31 Metfirerdn. noncompliane Asphyxintion
6121 62 3 M 31 Metfomin ICIVsroke
6187 44 10 r Bil] Insulin 1CIUsmrake
G183 15 20 o 40 Tnsulin Cardiovaseular
Gl AT 15 r 45 Notw Hetsure
6142 29 11 F BEY Nonwe Bacteral meninghts
[QE I B 20 P 24 Irsulin I Vsrake
Meaie (SEM) 40 (4} 8 () 36 @)
N
G000 45 M 31 Anoxia
G015 B F 42 Anoxia
Go12 64 I 31 Cerebrovascular/siroke
GU1G 42 M 31 Cenehroviscwdar/stroke
G014 68 i 24 {lead mana
HO20 H0 M 30 Cerebrovasenlarsoroke
Gi22 ™ M 31 Cerebrovascular/stroke
({143 32 [ 23 Tead orauma
G060 21 M 33 1least trauea
BT Al I 36 Cerebrovascularfstroke
LK 14 M A6 Hew! rauma
GLR 15 I 35 Curebroviascukadsuoke
6158 40 M B1V] {lead tawaa
13165 46 I 2R Cerebrovagesdar/stroke
Mean (5EM) 45 (5) 30 (1)

DEA, disbede ketoncidosls; F, fernale; TOHL intrreerebrat Bemorrhiege; M, made,

In terms of pancreas fixation, embedding and sectioning, the authors described the preparation
procedure for pancreata recovered from cadaveric organ donors. Immunostaining was performed in
two locations and included: 1) the deparaffinization of serial sections and incubation with primary
antibodies to Ki67 and insulin, or CD3 and glucagon with antibody localization visualized with
peroxidase-DAB (3, 3’-diaminobenzidine) and alkaline phosphatase-Fast Red polymer systems; 2)
staining for Ki67, insulin and Alcian blue by immunohistochemistry and Ki67 and glucagon by
immunohistochemistry. A section of pancreas from each of the DM cases treated with incretin therapy
and a subset of DM not treated with incretin therapy (5 cases) and non-diabetic cases (6 cases) were
stained for insulin and glucagon by immunofiuorescence, and additional sections for glucagon, insulin,

cytokeratin and DAPI (4',6-diamidino-2-phenylindole).

The stained slides or sections of pancreas were scanned. The morphometric analysis was either
through estimating the proportion of insulin and glucagon stained area compared to total tissue area
defined by hematoxylin counterstain using an algorithm or measuring the total area of the tissue.

Full cross-sections of the pancreas head, body and tail were evaluated for pancreatic intraepithelial
neoplasia (PanIN) by a gastrointestinal pathologist blinded to clinical information. The number of PanIN
lesions and grade were established per lobular unit and then computed per unit area of pancreas.
Using certain stained sections, 100 islets were analysed per section to determine the frequency of Ki67
in the alpha and beta cells of islets and in the non-alpha and non-beta cell compartment of those islets.
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A total of 475 alpha cells and 475 beta cells were evaluated. The percentage of beta and alpha cells
within pancreatic ducts was determined and the methodology used was described by the authors.

Results

According to the publication, pancreatic mass was increased (p<0.05) by approximately 40% in DM
patients treated with incretin therapy compared to that observed in subjects with DM and not treated
with these medicinal products.

The beta cell mass was decreased by 55% in DM patients not on incretin therapy in comparison to
non-diabetic controls (0.29+0.08 vs. 0.60+0.10G; p<0.05), whilst an increase, mostly on beta cell
numbers rather than beta cell size, was noted in incretin treated DM patients compared to the DM
group (1.81£0.56 vs. 0.29+0.08G, p<0.01) and to non-diabetic controls (1.81£0.56 vs. 0.60+0.10 G,
p<0.05).

The pancreatic fractional area immunostained for glucagon was increased in individuals with DM
treated with incretin therapy in comparison with those with DM on other therapy (1.65+0.39 vs.
0.57+0.12%, p<0.0001), as well as compared to non-diabetic controls (1.65+0.39 vs. 0.52+0.08%,
p<0.0001). The glucagon mass pattern was also increased in DM individuals treated with incretin
therapy compared to those with DM not treated with these medicines (2.08+0.75 vs. 0.45+0.10 G,
DM-I vs. DM, p<0.01). As for beta cells, the increase in alpha cell mass was mostly due to an increase
in the number of alpha cells.

The authors reported a subset of enlarged and peculiar shaped islets, as well as increased numbers of
endocrine cells in association with duct structures in DM subjects treated with incretin therapy. Insulin
immunoreactive cells were found in individuals from all three groups with no detectable increase
between groups regardless of incretin therapy. However, the percentage of cells immunoreactive for
glucagon in ducts was increased in DM subjects with prior incretin therapy versus DM subjects not
treated with incretin therapy (2.8+0.9 vs. 0.5+0.2%, p=<0.05). It was noted that the increase in
glucagon immunoreactive cells with incretin treatment were mostly observed in the periductal areas
whilst the increased numbers of insulin immunoreactive cells with incretin therapy were located in
more remote areas from these periductal endocrine complexes.

Alpha cell hyperplasia was reported in one subjected with DM and treated with exenatide. In one
individual with DM treated with sitagliptin, an alpha cell/glucagon producing neuroendocrine tumor was
identified in the body of the pancreas. Glucagon-producing microadenomas were also detected in the
same case and two other incretin treated cases, while hyperplastic islets with predominant glucagon
staining were noted in seven of eight of the incretin treated cases. No neuroendocrine tumors or
glucagon-producing microadenomas were detected in non-diabetic controls or DM subjects not treated
with incretin therapy. The authors indicated that an inspection of pancreatic sections immunostained
with either insulin or glucagon from individuals with DM treated with incretin therapy seemed to
suggest that several cells within these islets were immunoreactive for both hormones. The percentage
of insulin positive cells in incretin treated individuals that were also glucagon immunoreactive were
increased when compared to those with DM not treated with incretin therapy (16.8+5.0 vs. 3.2%1.4%,
p<0.05). There was also an increase in double immunoreactive positive cells in individuals with DM not
treated with incretin therapy when compared to non-diabetic controls (3.2+1.4 vs. 0.4£0.1%, p<0.05).
The frequency of Ki67 positive nuclei in islet endocrine cells was extremely rare (all less than 0.01 cells
per islet section), with no significant differences between the three groups studied.

Finally, it was noted that the increased pancreatic mass in DM-incretin therapy was aécompanied by
increased whole pancreas cell proliferation (0.25+0.03 vs. 0.12+0.01%, DM-1 vs. DM, p<0.0001) and
an increase in the presence of pancreatic intraepithelial neoplasia (PanINs) (11.9+2.6 vs. 4.9+1.7,
DM-I vs. DM, PanINs/mm2 x 103, p<0.01). Inspection of pancreas sections in incretin treated
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individuals revealed small foci of increased Ki67 immunostaining in and around ducts and sometimes in
areas of exocrine dysplasia.

2.3 Preclinical and clinical data on pancreatic safety

Preclinical and clinical information previously available was considered by the CHMP, with a focus on
pancreatitis and/or pancreatic cancer. Current pharmacovigilance activities and ongoing studies aiming
to collect information on pancreatic events were also considared. A summary for GLP-1 agonists
(exenatide, liraglutide and lixisenatide) and DPP-4 inhibitors (sitagliptin, vildagliptin, saxagliptin and
linagliptin) is presented below.

Exenatide

In vitro and animal pharmacology studies with exenatide have shown an increase in beta-cell mass
following treatment. No adverse effects on the pancreas of healthy animals were observed in any of
the toxicology studies included in the initial marketing authorisation application. However, further
studies performed by academic groups have demonstrated a potential for other effects in the pancreas.
Gier et al, 2012 Diabetes 61:1250 showed an increase in pancreatic duct glands in rats treated with
exenatide. They also showed that this effect in an oncogene-expressing transgenic mouse could
contribute to dysplasia and/or pancreatitis. The relevance of these findings for clinical safety is
uncertain. In the non-human primate studies, there was a mild pancreatic hypercellularity in monkeys
treated for 3 and 9 months. The effect was only seen at the highest dose, representing an exposure
margin to clinical exposure of approximately 1000-fold. There were no suggestions of toxicologically
important changes from histopathology. Given that increased beta-cell mass was considered a
potentially important mechanism for the adventitious effects of GLP-1 receptor agonists, the mild
pancreatic hypercellularity in monkeys was not considered a concern. Moreover, in the carcinogenicity
studies in mice and rats, there was no evidence for pancreatic neoplasia.

In the clinical setting, safety data from the clinical trial programm did not suggest an increased risk of
pancreatitis with exenatide twice a day (BID) compared to other drugs. However, at the time of
approval, spontaneous cases of pancreatitis had been reported in other markets in which the products
had already been introduced. The product information therefore contains wording with regards to
pancreatitis as a warning and a listed undesirable effect. In clinical trials two cases of pancreatic cancer
have been reported. In the Integrated Completed Studies Database supporting the exenatide once
weekly (QW) submission, there were three cases of acute pancreatitis (one in a subject receiving
exenatide QW and two in subjects receiving pioglitazone). No case of pancreatic neoplasm was
reported in the database.

Results from three retrospective studies evaluating the risk of pancreatitis as well as data from a
registry with respect to risk of pancreatic neoplasm concluded that the studies did not show a risk
difference between current or recent use of exenatide compared to other oral antidiabetic drugs.
However, it was also concluded that the evidence needs to be weighed with caution, due to the nature
of the data with high risk of residual confounding. However, due to the low number of pancreatic
neoplasms, no firm conclusions can be drawn.

In addition to routine pharmacovigilance, ongoing post-marketing initiatives include a trial on the
evaluation of cardiovascular outcomes with linagliptin therapy which will also collect information with
regards to pancreatic events. Furthermore, observational studies and prescription event monitoring
studies are also ongoing.

EMA/474117/2013 Pagw

Exhibit 17 - 221



Liraglutide

Repeat-dose toxicity studies were conducted in CD-1 mice, Sprague Dawley rats and Cynomolgus
monkeys. In addition, long-term carcinogenicity studies were conducted in mice and rats. An increased
pancreatic weight was observed in the mid and high dose groups of Cynomolgus monkeys at 52 weeks
treatment (study duration up to 87 weeks). The weight increase was shown to be related to a balanced
increase in exocrine duct and acini mass, however the duct/acinar weight ratio was constant between
the control and high dose animals. Normal histological morphology of the pancreas was seen in all
studies, no clinical or biochemical changes were seen in any of the non-human studies and there was
no histopathology indicative of inflammation. In addition, no macroscopic changes were observed in
the 87 week repeat dose toxicity study in Cynomolgus monkeys, therefore the findings at week 52 do
not suggest a safety concern for humans with respect to treatment related pancreatitis. Overall the
non-clinical data do not indicate that liraglutide treatment is associated with adverse effects on the
endocrine and exocrine pancreas. A post marketing authorisation study performed in Zucker diabetic
fatty (ZDF) rats also showed that liraglutide treatment was not associated with pancreatitis and no
increased exocrine cell mass or exocrine cell proliferation was observed.

In terms of clinical data, the reporting rates of acute pancreatitis and pancreatitis in Phase IIla trials
was 1.6/1,000 subject years of exposure (SYE) for liraglutide and 1.4/1,000 SYE for oral antidiabetic
drugs. One death due to pancreatic carcinoma was also identified and considered as not related to
treatment. Cases of pancreatitis and neoplasms are followed up in periodic safety update reports.
Based on evidence from clinical trials and the post-marketing phase, the product information has been
kept up to date and contains wording with regards to pancreatitis as a warning and a listed undesirable
effect.

In addition to routine pharmacovigilance, ongoing post-marketing initiatives include a trial on the
evaluation of cardiovascular outcomes with liraglutide therapy which will also collect information with
regards to pancreatic events. Observational studies are also ongoing.

Lixisenatide

Repeat-dose toxicity studies were conducted in mice, rats and dogs. The potential effect of lixisenatide
on the absolute and relative pancreas weights was not assessed. In two-year carcinogenicity studies
performed in mice and rats, some microscopic findings were reported. When histopathological changes
were detected in the pancreas (islet cells hyperplasia, islet cells adenoma, acinar cells hyperplasia)
they occurred at high exposure levels compared to expected active exposure in clinical practice, in a
small number of animals and with a low degree of severity. No gender- or dose-effect relationships
were observed. With regards to the incidence of islet cell adenoma/carcinoma seen in rats dosed with
lixisenatide, there was no statistically significant difference between these drug-treated rats as
compared to the control animals. The microscopic findings were not considered to be indicative of a
high clinical safety risk.

In the clinical setting, adverse events specific to pancreatitis were reported in phase II/1II studies in
nine patients in the lixisenatide group (0.3%) compared to two in the placebo group (0.1%). However,
when the events of acute pancreatitis and pancreatitis were confirmed, by either gastroenterological
consultation or positive imaging studies, the incidence was found to be similar between treatment
groups. Pancreatic carcinoma was reported in three (<0.1%) lixisenatide patients and one (<0.1%)
patient in the comparator group (exenatide arm).

Based on evidence from clinical trials, the product information contains wording with regards to
pancreatitis as a warning.
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In addition to routine pharmacovigilance, ongoing post-marketing initiatives include a trial on the
evaluation of cardiovascular outcomes with lixisenatide therapy which will also collect information with
regards to pancreatic events. A retrospective database study and a patient registry are planned to
monitor occurrences of events of interest, e.g. pancreatitis and pancreatic cancer.

Sitagliptin

In in vivo studies, including repeated-dose studies in mice, rats, dogs and monkeys and carcinogenicity
studies in mice and rats, no adverse effects on the pancreas were observed. It has also been shown
that sitagliptin is not a genotoxic compound in vitro and in vivo. In non-human primates, potential
effects on the pancreas were evaluated in a three month repeated-dose toxicity study. The
histopathology data on the pancreas showed no concern. In literature, sitagliptin was observed to
cause ductal proliferation and metaplasia in a transgene model of the diabetic rat (Matveyenko et al
2009 Diabetes 58:1604), however data from HIP (human islet amyloid polypeptide transgenic) mice
and ZDF (Zucker diabetic fatty) rats support the beneficial effect of sitagliptin on beta-cell function,
primarily mediated by an improved beta-cell preservation, e.g. by reducing beta-cell death (apoptosis)
rather than by expanding of beta-cell mass by cell proliferation of the pancreatic duct. In these studies,
cell proliferation of pancreatic duct cells, an important risk factor for the development of pancreatitis
and pancreatic cancer, was not increased by sitagliptin as compared to metformin.

Two cases of pancreatitis and two cases of pancreatic carcinoma were reported in the initial clinical
trials supporting the marketing authorisation. The data were considered insufficient to draw
conclusions. In another trial one case of pancreatic cancer was also reported. Pancreatitis and
pancreatic cancer have been reported in the post-marketing setting. With regards to pancreatic cancer,
the data do not indicate a true association. A cumulative review of cases has been undertaken and the
majority (19 out of 29) had a time to onset < 6 months, a period considered too short to suggest a
causal relationship with sitagliptin. Further post-marketing cases did not show any change of pattern or
increase in incidence.

Based on evidence from clinical trials and the post-marketing phase, the product information has been
kept up to date and contains wording with regards to pancreatitis as a warning and a listed undesirable
effect.

In addition to routine pharmacovigilance, ongoing post-marketing initiatives include a trial on the
evaluation of cardiovascular outcomes with sitagliptin therapy which will also collect information with
regards to pancreatic events.

Saxagliptin
All repeat dose and carcinogenicity studies were performed in non-diabetic animals. No findings

indicative of pre-neoplastic lesions or proliferative effects were observed in repeat dose toxicity studies
in mouse, rat, dog or monkey at plasma exposure levels adequately above human exposure levels at
maximal therapeutic dose. Saxagliptin was non-genotoxic in vitro and in vivo. At plasma exposure
levels adequately above human exposure levels at maximal therapeutic dose, saxagliptin did not lead
to pancreatic hyperplasia or neoplasia.

In the clinical setting, there was no evidence for any causal relation between treatment with
saxagliptin and pancreatic neoplasms in data from phase IIb and III studies. Four cases of pancreatitis
at least possibly related to treatment with saxagliptin were reported. Pancreatitis has also been
reported in the post marketing phase. A total of eight cases of pancreatic cancer and two cases of
pancreas neoplasm have been reported. Duration of treatment with saxagliptin was known in six cases,
ranging from 4-18 months. The short time to event, not expected in drug-induced malignancies, and a
lack of sufficient background information makes causality assessment difficult.
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Based on evidence from clinical trials and the post-marketing phase, the product information has been
kept up to date and contains wording with regards to pancreatitis as a warning and a listed undesirable
effect.

In addition to routine pharmacovigilance, ongoing post-marketing initiatives include a trial on the
evaluation of cardiovascular outcomes with saxagliptin therapy which will also collect information with
regards to pancreatic events.

Vildagliptin

The influence of vildagliptin on beta-cell regulation was examined in neonatal rats and in streptozotocin
(STZ)-induced diabetic mice. Vildagliptin markedly increased replication (>8-fold increase) and
inhibited apoptosis (by 65%) on day 7 of treatment. This resulted in a significant increase in beta-cell
mass on day 21 (24-h after final dose), which was maintained on day 33 (12-d after final dose). There
was no apparent effect of treatment on duct-associated beta-cells (an index of neogenesis) or on
glucagon staining in neonatal rats. The vildagliptin inhibition of apoptosis was coherent with the results
reported by Hamamoto S et al, 2013 in obese diabetic KK-Ay mice, where the authors concluded that
in the mouse model used vildagliptin increases beta-cell mass by suppressing cell apoptosis and
oxidative stress and by enhancing cell proliferation and differentiation. An effect on the alpha cell mass
was not observed. Vildagliptin did not shown genotoxic potential in vitro and in vivo. The carcinogenic
potential was investigated in rats and mice in 2-year carcinogenicity studies. In the rat survival was
not affected by treatment. An increased incidence of hemangiosarcoma in male mice treated at = 250
mg/kg/day and in female mice at 1000 mg/kg/day (exposure ratio of 15 at the no observed adverse
effect level [NOAEL] of 100 mg/kg/day) was reported, but the findings were found to not represent a
significant risk to humans.

In the clinical setting, pancreatitis-related adverse events were reported infrequently with similar
incidences across all treatment groups in phase 1I/III clinical trials. Only a very small number of
pancreatic cancer events were reported in vildagliptin and comparator groups (three each), translating
into 0.032 cases per 100 SYE vs. 0.046 cases per 100 SYE, respectively. Pancreatitis has also been
reported in the post marketing phase, with the majority of cases resolving after drug interruption. In
terms of pancreatic cancer, in nine of the 15 cases where time to onset was reported, pancreatic
cancer occurred within three months after treatment initiation. This short time does not allow
consideration of a direct drug induced neoplasm, although a promoting effect of vildagliptin on
preexisting lesions cannot be excluded.

Based on evidence from clinical trials and the post-marketing phase, the product information has been
kept up to date and contains wording with regards to pancreatitis as a warning and a listed undesirable
effect.

In addition to routine pharmacovigilance, ongoing post-marketing initiatives include a long-term
observational study to assess various safety outcomes in association with vildagliptin or the fixed-dose
combination of vildagliptin plus metformin, including pancreatic events. A multinational observational
study to assess the profile of vildagliptin in a real world setting is also ongoing.
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Linagliptin

In non-clinical studies pancreatic morphology was investigated in the mouse, rat, dog and monkey. No
consistent findings were obtained, neither in respect to pancreatitis nor in respect to proliferation.
Linagliptin did not show a genotoxic potential and did not induce carcinogenic effects in the 2-year
carcinogenic mouse study, except for a significant increase in malignant lymphomas in females. This
was attributed to a high background of lymphomas in mice. Because linagliptin is not genotoxic and
lymphoid hyperplasia in spleen and thymus was not increased in female mice, it was concluded that
this finding was not relevant for humans.

Available clinical data from a large number of patients in placebo-controlled clinical trials showed that
the incidence of pancreatitis in the linagliptin group is low (0.22 cases per 100 patient years in the
linagliptin group vs. 0.07 per 100 patient years in the placebo group; the difference did not reach
statistical significance). Cases of pancreatitis and neoplasms are followed up in periodic safety update
reports. No conclusions on pancreas carcinoma can be drawn at present due to the low number of
cases reported. Based on evidence from clinical trials and the post-marketing phase, the product
information has been kept up to date and contains wording with regards to pancreatitis as a warning
and a listed undesirable effect.

In addition to routine pharmacovigilance, ongoing post-marketing initiatives include a trial on the
evaluation of cardiovascular outcomes with linagliptin therapy which will also collect information with
regards to pancreatic events.

2.4 Other initiatives

Ad-hoc expert meeting
An ad-hoc expert meeting was convened on 10 July 2013 on a number of aspects of the Butler et al

2013 publication and to inform the CHMP.

Overall the experts considered that there were a high number of methodological issues, confounding
factors and potential sources of bias observed in the Butler et a/ 2013 publication and that these
precluded any meaningful conclusions to establish a link between the use of GLP-1 based therapies and
morphological changes of the pancreas indicating an increased risk of pancreatic malignancies.

With regards to patient selection, the experts considered that the three groups compared in this study
(T2DM patients on GLP-1 based therapy, T2DM patients on other or no therapy and the non-diabetic
patient controls) were very much mismatched, in particular with regard to age, sex, and to some
extent body mass, with all three parameters having variable impact on pancreas findings. Information
on previous treatments and the duration of these treatments was also considered to be lacking The
mean age of the GLP-1 treated group was 58 years of age, which is significantly higher than the mean
age of the non-GLP-1 treated group (40 years) or the control group (45 years), partly due to a number
of very young individuals included in the two control groups. The experts agreed that the groups
should have been better matched with regard to age through appropriate selection of cases from the
nPOD tissue bank. The experts also pointed out that the two diabetic patient groups were mismatched
in terms of gender, with the GLP-1 treated group being composed of two females and six males, while
the non-GLP-1 group consisting of eight females and four males.

The presence of autoantibody titres (insulin and GAD) in one third of the individuals, a history of
diabetic ketoacidosis in one fourth of the T2DM control group and the young age of some individuals in
the control groups (18 and 20 in the non-GLP-1 group and 24 and 14 in the n-T2DM group) raised
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concerns of a possible misclassification of at least some of tnese patients as T2DM instead of type 1
diabetes mellitus (TLDM). However, the possibility that all these individuals were indeed T2DM patients
was acknowledged, as autoantibodies can be non-specific and ketoacidosis may be observed in some
T2DM patients. The experts were of the view that clinical data, including detailed treatment history of
the patients, was lacking, although the difficulty in obtaining this data from nPOD due to personal data
protection issues was acknowledged.

No concerns were raised regarding the fixation or the embedding and the preservation of the tissues
was considered good. However, the experts considered that the substandard staining, the lack of
rigorous analysis and the unclear description of the methodological approach raised concerns which
could have a major impact on the validity of the conclusions reached by the authors. Issues discussed
referred to under-stained and over-stained alpha and beta cells, almost identical compartments within
the same islet regions staining positively both for insulin and glucagon, and staining of the acinar area
and connective tissue. Consideration should have been given to staining for other types of hormones,
such as somatostatin. With regard to sectioning, evidence of a systematic sectioning approach
ensuring that samples from all three regions was lacking and variations in sectioning methods and
sample selection may have led to biased results. Measuring volume instead of area would have been
more adequate with regard to estimation of alpha and beta-cell mass.

The experts considered the results identified in the publication with regard to changes in alpha and
beta cell mass and in overall pancreatic mass to be inconclusive, given the uncertainty raised by major
study deficiencies regarding the patient selection and the morphometric analysis. Pancreatic welght
should have been adjusted for the height, weight, age and yender of the individual donor, according to
available algorithms. Changes in the fat content of the pancreas (in particular in obese individuals)
should have been considered as a cause for differences in pancreatic weight.

Overall, the experts considered that the presented evidence did not support the view that GLP-1 based
therapies resulted in histclogical changes of the pancreas in these individuals indicating an increased
risk of pancreatic adenocarcinoma. No reports of clinical symptoms for glucagonoma were available
and it was noted that patients with glucagonoma tend to lose weight due to wasting, rather than being
obese, as observed in the GLP-1 group (the three individuals in which the glucagon-positive
neuroendocrine tumour and microadenomas were observed had BMI values of 39, 41 and 42
respectively). The presence of cells staining positive for glucagon would also not necessarily indicate
secretion of glucagon by these cells. Moreover, the reliability of the staining was considered
guestionable, as mentioned above. It was noted that glucagonomas are rare tumours with an incidence
of approximately one in 200.000, and that given the widespread use of GLP-1 based therapies, any
increase in the incidence of clinically relevant glucagonomas should have been noticed by now.

A study by Kimura et al (1991) reviewing pancreata from 800 consecutive autopsies, identified
endocrine tumours (including microadenomas) and islet hyperplasia in 10 percent of adult patients,
with most of these lesions staining positive for glucagon. The study also indicated that the detection of
such lesions depends heavily on the level of scrutiny and that significantly more tumours are found
when larger numbers of slides are examined. In view of the apparent relatively high prevalence of
small clinically asymptomatic endocrine tumours in the general population and the lack of information
on the screening methodology use in the Butler study, the experts found the true significance of their
finding of three cases with one or more clinically asymptomatic (micro)adenomas difficult to evaluate.
More detailed histopathological studies on larger patient groups would be necessary to address this
issue.
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Discussion

Glucagon-like peptide 1 based therapies [GLP-1 receptor agonists (exenatide, liraglutide and
lixisenatide) and DPP-4 inhibitors (sitagliptin, vildagliptin, saxagliptin and linagliptin)] are approved for
the treatment of patients with type 2 diabetes mellitus (T2DM).

The efficacy of GLP-1 receptor agonists and DPP-4 inhibitors has been demonstrated. In terms of
safety, the most common adverse events seen in clinical trials with GLP-1 receptor agonists are of
gastrointestinal character; mainly nausea, vomiting and diarrhoea. However, the incidence diminishes
over time. Other identified risks include pancreatitis, immunogenicity, acute renal failure and rapid
weight loss. Identified and potential risks with DPP-4 inhibitors include hypoglycaemia,
hypersensitivity, gastrointestinal disorders, pancreatitis, skin disorders, transaminase elevation and
infections.

The current review was initiated further to the findings by a group of academic researchers suggesting
an increased risk of pancreatitis and cellular changes in patients treated for type 2 diabetes mellitus
with GLP-1 based therapies (Butler et al, 2013). The findings in this study were based on histological
examinations of 34 pancreata obtained from brain dead organ donors. The pancreata of 8 individuals
with T2DM who were treated with sitagliptin (n = 7) or exenatide (n = 1) for a year or more were
compared to 12 pancreata from individuals with T2DM treated with other therapies and 14 pancreata
from non-diabetic individuals. In their publication, the investigators describe a number of findings in
the pancreata of the T2DM individuals treated with GLP-1 based therapies which could implicate an
association of the treatment with increased risk of pancreatitis and neoplasms.

An ad-hoc expert meeting was held on 10 July 2013 to discuss the publication and inform the CHMP
opinion. The CHMP considered, taking into account the experts’ opinion, that the comparison between
patients with DM with and without incretins was complicated by the fact that those without incretins
may not have had type 2 diabetes considering that only three of 10 patients were on metformin (the
rest no treatment or insulin). Some patients, in particular the four younger patients on insulin may
have had type 1 diabetes, which would have impact on the validity of the comparison of DM patients
with and without incretins. In addition, there were substantial differences between the diabetes
patients with and without incretins with respect to age, gender and duration of diabetes, factors that
are likely to have impact on the pancreatic findings. Thus, it cannot be concluded that differences
between the groups are due to the treatment with sitagliptin/exenatide.

In the incretin treated groun, there was an increased alpha and beta cell area and mass as well as
pancreatic mass compared to the other groups. The authors stated that these findings were consistent
with prior rodent studies (Matveyenko, Diabetes 2009, Gier Diabetes 2012) that revealed proliferative
actions of GLP-1 on the endocrine and exocrine pancreas, but also that previous reports suggest a wide
range of change in alpha and beta cell mass (or pancreatic fractional area) in patients with DM (Rahier,
2008, Diabetes Obes Metab, Henquin, 2011 Diabetologia,). Therefore there are uncertainties as to the
importance of these findings in the context of what could be expected In patients with type 2 diabetes
as well as possible clinical implications. Furthermore, as mentioned above, the difference between the
groups with respect to age, gender and duration of diabetes preclude meaningful interpretation of the
data.

In one individual, a glucagon expressing neuroendocrine tumour was detected. Further, glucagon-
expressing microadenomas were found in three patients while hyperplastic islets with predominant
glucagon staining were noted in seven of eight of the incretin treated cases. In relation to these
findings, as well as the findings of increased alpha and beta cell area and mass, the authors questioned
the safety of long term suppression of glucagon secretion and action and refer to available preclinical
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studies indicating an association between suppressed glucagon secretion or signaling and alpha cell
hyperplasia, abnormal alpha cell distribution and predisposition to glucagon expressing neuroendocrine
tumours. It is agreed that long term suppression of glucagon represents a non-physiological condition.
However, as concluded by the ad hoc expert group, according to literature (Kimura et al, 1991,
Digestive disease and sciences, vol 36, No 7), microadenomas can be expected to be found in 10% in
the general population. Furthermore, a recent publication by Drucker et al (Diabetes online July 1%,
2013), reviewed preclinical studies reporting changes in cell numbers in preclinical studies with DPP-4
inhibitors. One of twenty studies described an increase, six studies reported no change and 13 papers
described a reduction in alpha-cell number and/or decreased alpha-cell proliferation. Thus, there
seems to be limited support for an alpha-cell promoting effect. Concerning the glucagon expressing
tumour, the relevance of this case is questioned considering the lack of clinical data as well as
unspecific staining reported in the publication.

The CHMP also noted that there was an increased number of endocrine cells in association with duct
structures as well as an increase in the presence of pancreatic intraepithelial neoplasia (PanINs).
According to the authors, this was consistent with the prior finding that GLP-1 receptors are expressed
not only in the human exocrine pancreas but also in PanINs, and that GLP-1 induces proliferative
signaling in human pancreatic duct epithelia cells. According to the expert meeting, PANin 1 and 2 are
not considered to be prognostic factors for pancreatic cancer, neither for chronic pancreatitis, and
more importantly, the incidence of such findings increase with age.

In addition to the Butler publication, the CHMP also considered other evidence from GLP-1 based
therapies with regards to pancreatic events. The GLP 1 receptor is expressed in the pancreas, so some
effects on the pancreas upon chronic activation of signaling pathways are to be expected. Studies on
normal healthy animals did not show any evidence for toxicological action, but for some of the
products and particularly in monkeys, there have been findings on increased weight and
hypercellularity of the pancreas. While some data show an increase in beta cells, an expected and
potentially advantageous effect in the diabetic patient, these data are not conclusive and an effect also
on alpha cells and/or cells in the exocrine pancreas cannot be excluded. Importantly, histological
examination of the pancreas did not show any evidence for pathological changes associated with the
increased pancreas weight/hypercellularity.

In long-term carcinogenicity studies in mice and rats, the pancreas was not a target organ; no findings
on pancreatic neoplasia were observed for any of the products. It is also noted that an extensive
analysis of pancreata from mice, rats and non-human primates treated with the GLP-1R analog
liraglutide for up to 2 years is published, showing that there was no evidence for treatment-related
pancreatitis or pre-neoplastic lesions in any of the studies (Nyborg et al 2012, Diabetes 61:1243).

The safety studies have been performed in healthy animals, and the interaction of the medicinal
product and the underlying disease has not been studied. In the development programs for these
products, disease models have been used for pharmacological studies. For some of the products three-
month pancreatic toxicity studies in the diabetic ZDF rat have been performed post-approval. In these
studies performed with liraglutide (Vrang et a/ 2012 Am J Physiol Endocrinol Metab. 15:E253),
exenatide (Tatarkiewicz et al 2012 Diabetes Obes Metab. 15:417) and sitagliptin there was no
evidence for adverse effects in the pancreas.

Other publications have described potentially adverse effects of treatment. In rats carrying a transgene
for human islet amyloid polypeptide, a model for type 2 diabetes, 12 weeks of treatment with
sitagliptin resulted in increased pancreatic ductal turnover, ductal metaplasia, and in one rat,
pancreatitis (Matveyenko et al 2009 Diabetes 58:1604). In another study it was found that in normal
rats treated with exenatide for 12 weeks, pancreatic duct glands were expanded. Pancreatic duct
glands have been hypothesised to give rise to pancreatic intraepithelial neoplasia (PanIN). In
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transgenic mice expressing an oncogenic Kras mutant in pancreas, 12 weeks of exenatide treatment
increased duct cell replication, increased the formation of dysplastic PanIN lesions, and accelerated the
development of chronic pancreatitis (Gier et al 2012 Diabetes 61:1250). The relevance of these
findings for clinical safety is uncertain.

Nonclinical animal data may aid in determining the causal relationship between GLP-1 based therapy
and development of pancreatitis and/or pancreatic cancer by identifying pharmacological mechanisms
and biomarkers that can be studied in the clinical setting. If such biomarkers, shown to be directly
related to pharmacological activity in the animal studies, could be correlated with pancreatic adverse
events in the clinical setting a causal relationship would be strengthened. At this point of time, it is not
considered that available non-clinical data support such relationship.

With regards to available clinical data, overall, there have been very few cases of pancreatitis detected
in the phase II and phase III studies. Incidence rates were presented for some products ranging
between 1.6-2.6 cases per 1000 patient years. For some products (e.g. exenatide, lixisenatide,
linagliptin) there was a numerically higher incidence compared to placebo. According to literature data,
patients with type 2 diabetes have an almost threefold greater risk of pancreatitis compared to
patients without diabetes (Woel RA, 2009, Whitcomb 2006, Forsmark CE, 2007, Girman CJ, 2010). The
estimated incidence rate for pancreatitis in the diabetes population is 4.2 to 5.6 per 1000 patient years
(Garg et al, 2010, Diabetes Care 33(11):2349-2354 and Noel et al. 2009, Diabetes care 32 (5):834-
838). In the post marketing setting, a significant number of pancreatitis cases have been reported and
these need to be interpreted cautiously. Cumulative rates of pancreatitis were presented for some
products, with a range from 0.1 to 0.9 per 1000 patient years. It should be noted that these numbers
come from spontaneous reporting of adverse events and estimations of exposure based on sale figures,
respectively, and thus are associated with great uncertainty. For this reason it is recognised that
reporting rates cannot be directly compared to the estimated risk in the general population or in the
population with T2DM also due to known under reporting. The reporting rates seem to be consistent
over time for the products which has been marketed for the longest time (e.g. exenatide BID and
vildagliptin). Having said this, severe and also fatal cases have been reported and a causal relationship
between treatment and pancreatitis is possible. The CHMP noted that the product information for all
products already contains warnings with regards to pancreatitis and this is included in the risk
management plans.

Concerning pancreatic cancer, in clinical trials, only single cases have been reported for some products
and the duration of exposure was in the majority of the cases too short to support a causal relationship
or to draw firm conclusions. The clinical trial setting may not be representative for the “real life”
scenario (i.e. patients are older, have more comorbidities, among other factors) but the randomised,
controlled nature of the clinical studies gives a robust estimate of risk in relation to placebo and other
treatments. The data currently available from clinical trials do not indicate an increased risk for
pancreatic cancer with these medicines. In the post-marketing setting, cases of pancreatic cancer have
been reported for most products, but in a rather large number of cases there were confounding factors
or, in general, too short exposure to suspect a causal relationship with the products. Again, data
comparing the rate of spontaneous reporting between different products is to be interpreted with care
and should always be assessed in the context of other available information (e.g. cumulative data in
the periodic safety update reports and results from clinical studies).

It is noted that marketing authorisation holders are closely monitoring for effects on the pancreas.
Several initiatives are planned or ongoing which will collect information on pancreatic events, and the
potential value of additional studies will also be considered. In particular, cardiovascular outcome
studies are ongoing for most products. For some of these studies pancreatitis and neoplasms are listed
as adverse events of special interest and/or are adjudicated. The number of subjects planned to be
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included ranges between 6000 and 16000 patients and the studies are expected to be finalised in
2015-2017. Resuits from post-marketing database/registries studies with regards to pancreatic safety
will also be considered when available, The data so far has been limited and does not allow conclusions
to be drawn.

3. Overall conclusion

The current review under article 5(3) was initiated following the publication by Butler at al, 2013
suggesting that histological findings in human pancreata could indicate a possibly increased risk of
pancreatic adverse events associated with the use of GLP 1 based therapies.

The CHMP reviewed the publication and considered that differences between the studied groups
(diabetes with and without incretins and non-diabetic controls) with respect to age, gender, duration of
diabetes and treatments as well as other methodological issues preclude meaningful interpretation of
the data. This conclusion was supported by an ad-hoc expert meeting held on 10 July 2013.

Within the procedure, the CHMP was also requested to take other available data into account and a
review of submitted clinical and nonclinical data was performed.

With respect to nonclinical data, available studies previously submitted for the approved products have
not raised concern with respect to pancreatic safety. Further, published studies have not shown any
evidence for treatment-related pancreatitis or preneoplastic lesions, neither in pancreata from healthy
mice, rats and nonhuman primates nor in diabetic ZDF rat models. However, studies performed in
some other disease models by academic groups may give some plausibility with respect to a possible
mechanism for an increased risk of pancreatitis and pancreatic cancer in patients treated with GLP-1
based therapies.

Concerning pancreatitis, the cases in the clinical studies were few. However, when looking at the
clinical studies in totality and taking post marketing reports into account, a significant number of cases
have been observed and a causal relationship between GLP-1 based therapy treatment and
pancreatitis is possible. Warnings are already included in the product information for all products,
albeit with small differences in the wording, and pancreatitis is being followed in the periodic safety
update reports as well as in observational and randomised clinical trials. These actions are considered
as sufficient and no new data has emerged that implies that this risk is higher compared to what has
previously been concluded. However, with the next updates of the risk management plans, pancreatitis,
which should be already mentioned in the risk management plans as a potential risk should be listed as
an identified risk for all products and it would be appropriate to harmonize the wording of the warning
with respect to a recommendation to use the products with caution in patients with a history of
pancreatitis as well as a recommendation not to resume treatment if pancreatitis has occurred.

Concerning pancreatic cancer, there is currently no support from clinical trials that GLP-1 based
therapies increase the risk. The numbers of spontaneous reports are limited and in the cases were
information is available, confounding factors and/or short-term exposure is common. However, long
term consequences of stimulation of beta-cells and suppression of alpha cells as well as possible
effects on exocrine pancreas are largely unknown and therefore some uncertainties exist. Considering
that pancreatic cancers are very rare, large populations would need to be studied for a substantial
duration to detect a possible increased risk. Observational studies have so far not been able to detect
enough cases probably due to the rarity of the condition and, at least in Europe, rather low uptake of
the products.

Additional information will be captured in the ongoing cardiovascular outcome studies. Six studies
including a large number of patients are ongoing and it is expected that important information can be
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collected. The marketing authorisation holders should be requested to confirm that the protocols
explicitly include “pancreatic malignancies/neoplasms” as an adverse event of specific interest since
this might lead to increased awareness and reporting of this specific type of malignancies/neoplasms.
Efforts should be made to capture pancreatic events in a similar way in the studies in order to enable a
pooled analysis and consideration should be given to yearly interim reports with respect to pancreatic
events (pancreatitis and pancreatic cancer). Furthermore, pancreatic cancer must be included as a
potential risk for all products for which it is not already reflected in the risk management plans.
Considering the low incidence of pancreatic cancer, results from the ongoing observational studies will
also be of importance and therefore marketing authorisation holders should ensure that pancreatic
safety is adequately captured in these studies. Other epidemiological approaches to studying this
potential risk could also be considered, if appropriate.

Should new evidence indicate an increased risk of pancreatic cancer and/or a higher risk of pancreatitis
compared to current estimations (e.g. from clinical studies and periodic safety update reports), the
benefit-risk balance of GLP-1 based therapies should be re-evaluated. However, this should be done in
a product specific manner considering that the magnitude of the benefits and risk of the products differ
with respect to glucose and weight lowering capacity as well as the incidence of gastrointestinal and
immunological adverse events. Furthermore, should there be an increased risk of pancreatic adverse
events it is not evident that the risk is of the same magnitude for all products considering differences
in mechanism of action (i.e. GLP-1 receptor agonists versus DPP-4 inhibitors) and exposure
(intermittent versus continuous exposure).

In conclusion, the results of the study by Butler et al are not considered to constitute a new safety
signal for the GLP 1 based therapies with respect to pancreatic safety. This is further supported by the
review of available preclinical and clinical data.

However, due to the mechanism of action, there are still some uncertainties with respect to long term
pancreatic safety associated with these products and updates to the risk management plans (including
planned and ongoing studies) and harmonisation of warnings in the product information should be
taken forward.
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www.medscape.com

EU Agency Has No New Concerns on Incretin Diabetes Drugs
Lisa Nainggolan Jul 26, 2013

The European Medicines Agency (EMA) says presently available data do not confirm recent concerns over an
increased risk for pancreatic adverse events with glucagon-like peptide-1 (GLP-1)-based type 2 diabetes therapies.

"There is no change in evidence regarding the risks,” concludes the EMA's Committee for Medicinal Products for
Human Use (CHMP), which has finalized a review of GLP-1-based diabetes therapies, also known as incretins.
These comprise two classes of medicines: GLP-1 agonists and dipeptidylpeptidase-4 (DPP-4) inhibitors.

Although a slightly increased risk for pancreatitis with these products is well recognized and noted in their labeling,
there is unease about the potential of a class carcinogenic effect.

Concerns in this regard arose most recently following a study, published in &€EE%¥ in March, by Peter Butler, MD,
from the David Geffen School of Medicine, University of California, Los Angeles, and colleagues. The researchers
found abnormal changes, including precancerous lesions, in the pancreases of 8 organ donors taking GLP-1-based
drugs.

Following the publication of Dr. Butler's study, the & published an in-depth investigation of the issue, and the
National Institute of Diabetes, Digestive and Kidney Diseases (NIDDK) held a 2-day meeting, at which dozens of
experts discussed the topic, concluding there is currently little evidence for an increased risk for pancreatic cancer
associated with use of incretins.

EMA Says Butler Study Has Limitations, Sources of Bias

The EMA says the findings of Dr. Butler and colleagues "were based on examination of a small number of
pancreatic tissue samples obtained from organ donors with and without diabetes mellitus, who died due to causes
other than diabetes.”

Also, the study itself had many methodologic limitations and potential sources of bias, most importantly differences
between the studied groups with respect to age, sex, disease duration, and treatments, "which preclude a
meaningful interpretation of the results," EMA states.

In addition, data from clinical trials do not indicate an increased risk for pancreatic cancer with these medicines, it
concludes.

However, EMA acknowledges that the number of events is too small to allow final conclusions. "Due to their
mechanism of action (stimulation of beta-cell- and suppression of alpha cell-function) some uncertainties remain in
respect to the long-term effect of these medicines on the pancreas and more data collection efforts are under way."

In the United States, too, experts say that much longer-term data will be needed to provide a definitive answer to the
question of whether GLP-1-based drugs increase the risk for pancreatic cancer. Organizations including the
American Diabetes Association and the Endocrine Society agree and have called on pharmaceutical companies to
be transparent with their data.

In the meantime, doctors are being urged to discuss the potential adverse effects of incretin-based therapy and the
symptoms of pancreatitis with patients, especially those with other risk factors for the condition, and balance the
risks and benefits.

EMA Will Harmonize Warnings on Pancreatitis

http://www.medscape.com/viewarticle/808477 print 7/29/2013
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EMA says a small number of cases of pancreatitis associated with these agents have been reported in clinical trials,
and a significant number of cases have been recorded through adverse event reporting, "although these need to be
interpreted cautiously.”

All these medicines already carry pancreatitis warnings in their product information, but the agency intends to
harmonize the wording of these warnings across all GLP-1-based therapies in the European Union (EU), "so that
patients and healthcare professional receive consistent advice," it notes.

EMA also points out that the marketing authorization holders of these medicines are closely monitoring them for
adverse effects, including effects on the pancreas, and they report their findings regularly to the agency for
assessment. "Marketing authorisation holders will update the risk management plans for these medicines
accordingly," it states.

GLP-1-based therapies approved in the EU include exenatide (, i d,, g Z ut; AstraZeneca/Bristol-Myers Squibb
Alliance), liraglutide (Yr u d; Novo Nordisk), lixisenatide (M s id; Sanofi Aventis), sitagliptin (Bllfire, Idt nd,

Idt si ,Sndeit,SnluzW dirYirsi , aif ni; Merck & Co), saxagliptin (Lus eunr i, Ptnr d;
AstraZeneca/Bristol-Myers Squibb), linagliptin (i t dg i u, Wddé t d; Boehringer Ingelheim/Lilly), and vildagliptin

(B fad Edr ,Hdtga, |ded amdz , cus dzn ; Novartis).

Ongoing and Planned Studies Will Yield More Info

EMA adds that several studies are planned, or ongoing, including large outcome studies aimed at increasing the
ability to understand and quantify risks associated with these medicines, including the occurrence of pancreatitis and
pancreatic cancer.

In addition, 2 large independent studies have been under way since 2011 to study the risk profile of diabetes
treatments in general, and more specifically their risk profile in relation to the pancreas. First results of these studies,
which are funded by the European Commission, are expected in the spring of 2014.

"In the meantime the EMA continues to closely monitor and assess all information that is becoming available on
these medicines to ensure that their benefit-risk balance remains positive."

Medscape Medical News © 2013 WebMD, LLC

Send comments and news tips to news@medscape.net.

Cite this article: EU Agency Has No New Concerns on Incretin Diabetes Drugs. Oi g fdyi . Jul 26, 2013.
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Table 47. Reporting Rates for Pancreas Cancer Among Diabetic Treatments

Treatment medication All i3 i3 Patients Percentage
population | with of i3
diagnosis of | population
pancreas with
cancer diagnosis of
pancreas
cancer

Repaglinide 12033 34 0.3
Nateglinide 12254 24 0.2

Sulfonylurea ~ metformin 54021 77 0.1
(SFU + met)

Thiazolidinedione (TZD) | 272339 338 | o1
SFU. 327933 400 0.1
nsulin . 263852 31 01 .

Exenatide | 51452 % . 40 1 01 .|
Metformin | 599606 852 |0
TZD + met 72801 66 01

It was determined that (hese in-house resources did not provide an adequate number of
cases for a robust analysis and would be of limited value. It was therefore determined
that an outside claims dalabase would be utilized for this study

The purpose of this study is to utilize a claims database to characterize the incidence and
prevalence of pancreas cancer (pancreatic adenocarcinoma, islet cell endocrine tumors
including glucagonomas and insulinomas, and ampullary cancers arising in the ampulla
of Vater) among patients with Type 2 diabetes. The primary objective is to compare the
incidence of pancreas cancer among patients with Type 2 diabetes to patients without a
diagnosis of diabetes Additionally, as a secondary objective, this study will also
compare the incidence of pancreas cancer among patients receiving exenatide versus a
matched comparison group of Type 2 diabetes patients treated with other oral antidiabetic
agents and/or insulin therapies.

A feasibility assessment for the i3 contracted pharmacoepidemiologic study is ongoing,.
Updates will be provided when more complete i3 data is available

9.14.8.2.5.5. Pancreas Cancer in Clinical Trial Data

There have been no new cases of pancreas cancer diagnosed in clinical (rials subjects in
this reporting period. Cumulatively up through this reporting period (31 March 2009),
only 3 cases of pancreas cancer reported in PSUR 05 (Appendix 10, Table B) have been
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identified. Among them, | case was in the comparative (insulin) arm; the remaining 2
cases were in the exenatide arm.,

9.14.8.2.5.6. Pancreas Cancer Conclusion

The global cumulative reporting rate for pancreas cancer is 4.7 cases per 100,000 PY (48
cases/1,016,420 PY) to 3| March 2009 Considering the potential tor stimulated
reporting due to the FDA website safety alert, under-reporting of postmarketing cases of
pancreas cancer may have been reduced. The estimated incidence rate for pancreas
cancers in the general adult population is in the 8-12 per 100,000 PY range (Shaib 2000).
Of note, patients with diabetes have approximately a 2-fold increased risk of developing
pancreas cancer compared with patients without diabetes Taking all of these data into
consideration, the reporting rate for pancreas cancer in patients receiving exenatide does
not appear unusual  Amylin and Lilly will closely monitor the trend of pancreas cancer
reports and will submit updates ot the pharmacoepidemiological study as available

9.14.8.2,6. Thyroid Cancer

On 02 April 2009, an FDA advisory panel committee discussed the potential risk of
medullary thyroid (c-cell) cancer based on rodent carcinogenicity studies from liraglutide
(another GLP-1 analogue) with longer duration of action than the BID formulation of
exenatide (BYETTA). Liraglutide caused benign and malignant thyroid c-cell tumors in
rats at low multiples of human exposure and in mice at higher exposures. In contrast, the
preclinical data of the BID exenatide formulation was associated with increased benign c-
cell adenomas in female rats only, without any increase of tumors in mice. In the
preclinical studies of the long acting, once weekly formulation of exenatide, a 2-year (life
time) rat carcinogenicity study showed statistically significant more benign (both
genders) and malignant (females only, at highest doses) c-cell tumors at all doses versus
placebo. Also, noted was a numerical increase of malignant c-cell tumors in male rats in
all doses; however, this numerical increase was not statistically significant. Because of a
hypothetical GLP-1 receptor agonist effect on thyroid C-cells, a briel cumulative review
was conducted for thyroid cancer in this section.

9.14.8.2.6.1. Methodology

The L.SS database was searched for all spontaneous reports of thyroid neoplasms from
Jaunch to a 31 March 2009, This search was conducted using the Medical Dictionary for
Regulatory Activities (MedDRA) criteria outlined in the Table 48
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DIABETES-INSULIN-GLUCAGON-GASTROINTESTINAL

Characterization of the Exocrine Pancreas in the Male
Zucker Diabetic Fatty Rat Model of Type 2 Diabetes
Mellitus Following 3 Months of Treatment with
Sitagliptin

Thomas Forest, Daniel Holder, Adam Smith, Caron Cunningham, Xiaorui Yao,
Markus Dey, Clay Frederick, Srinivasa Prahalada

Merck & Co., Inc., Whitehouse Station, NJ USA

Sitagliptin, a dipeptidyl peptidase-4 (DPP-4) inhibitor-based incretin therapy intended for the
treatment of type 2 diabetes mellitus (T2DM), has not been linked to adverse effects on the
pancreas in prospective clinical trials or in nonclinical toxicology studies. To further assess potential
pancreatic effects, sitagliptin was studied in the male Zucker Diabetic Fatty (ZDF) rat model of
T2DM. Following 3 months of oral dosing with vehicle, or sitagliptin at doses 3- to 19-fold above
the clinically therapeutic plasma concentration, which increased active plasma GLP-1 levels up to
approximately 3-fold, or following 3 months of oral dosing with metformin, a non-incretin-based
reference T2DM treatment, the pancreas of male ZDF rats was evaluated using qualitative and
quantitative histopathology techniques. In the quantitative evaluation, proliferative index was
calculated in exocrine pancreatic ducts and ductules using computer-based image analysis on
sectionsstained by immunohistochemistry for cytokeratin (a cytoplasmicepithelial cell marker) and
Ki-67 {a nuclear marker of recent cell division). Relative to controls, sitagliptin treatment did not
alter disease progression based on detailed clinical signs and clinical pathology assessments. Sita-
gliptin treatment did not result in pancreatitis or any adverse effect on the pancreas based on a
qualitative histopathology evaluation. Proliferative index did not increase with sitagliptin treat-
ment based on quantitative assessment of more than 5000 sections of pancreas, where control
group means ranged from 0.698 to 0.845% and sitagliptin-treated group meansranged from 0.679
10 0.701% (P=0.874). Metformin treatment was similarly evaluated and found not to have adverse
effects on pancreas.

he worldwide incidence of diabetes mellitus is increas-
Ting dramatically, especially in young people and in
developing countries, to the extent that 1 out of every 13
adults, or approximately 440 million individuals, are pro-
jected to have diabetes by 2030 (1, 2). During 2005-2006,
two novel, incretin-based treatments for type 2 diabetes
mellitus (T2DM) were introduced: glucagon-like pep-
tide-1 (GLP-1) receptor agonists and dipeptidyl pepti-
dase-4 (DPP-4) inhibitors (3). These treatments have sub-
sequently pained wide therapeutic acceptance due to
effective lowering of glycosylated hemoglobin (HbA,.),
low hypoglycemia risk, no effect on body weight or pro-

moting weight loss, and the capability of being combined
with metformin (3, 4). Currently marketed GLP-1 recep-
tor agonists are variants of the endogenously produced
GLP-1 peptide that are resistant to otherwise rapid deg-
radation by DPP-4. DPP-4 inhibitors prevent degradation
of endogenously produced GLP-1 as well as the related
peptide, glucose-dependent insulinotropic polypeptide
{GIP) (5). The increased persistence of endogenously pro-
duced GLP-1 and GIP in circulation resulting from DPP-4
inhibition is differentiated from pharmacologic adminis-
tration of a GLP-1 receptor agonist, with the latter asso-
ciated with an increased incidence of clinical gastrointes-
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2 Sitagliptin in Zucker Diabetic Rat Model

tinal (G]) side effects, such as nausea (3, 4). In addition to
demonstrated clinical efficacy in lowering fasting and
postprandial glucose levels, incretin-based therapies may
have a longer term antidiabetic effect. There is preliminary
evidence in rodent models of T2DM and in vitro in cul-
tured human pancreatic B cells that suggests incretin-
based therapies may slow the progressive loss of pancre-
atic B cells, which is characteristic of the natural
progression of T2DM (6-10).

Although there are proven benefits to incretin-based
treatments of T2DM, questions have been raised regard-
ing the possibility that long-term treatment might lead to
pancreatitis and potential neoplasia (8, 11-16). Similar
questions have been raised about a possible link to pan-
creatitis for other therapeutic classes of diabetes treat-
ments in the past (17), possibly because diabetes consti-
tutes an independent risk factor for pancreatitis and
pancreatic cancer (18-21). Recentstudies evaluating large
databases of insurance claims demonstrated that incretin-
based therapy poses no significant increase in risk for pan-
creatitis over that due to diabetes alone (18,22,23). Long-
term studies of sitagliptin, a DPP-4 inhibitor, did not
demonstrate a risk of pancreatitis or neoplasia when ad-
ministered to rats up to S6-fold or to mice at up to 68-fold
over the human therapeutic plasma concentration, to dogs
in a chronic 9-month study, or to monkeys in a 3-month
study up to 28-fold above the human therapeutic plasma
concentration (17). A similar lack of evidence for pancre-
atic risk in animal studies has been reported for GLP-1
receptor agonists (24, 25). Two prospective studies using
supratherapeutic doses of currently marketed GLP-1 re-
ceptor agonists (exenatide and liraglutide) in the ZDF rat
model of T2DM did not demonstrate adverse pancreatic
findings (26, 27). A pilot study of exenatide in our labo-
ratory confirmed the published absence of an adverse pan-
creatic effect in the ZDF rat model (data on file).

The ZDF rat (fa/fa) model of T2DM is well character-
ized and widely used in diabetes research because it is
known to share many of the common pathophysiologic
hallmarks of T2DM in humans such as obesity, insulin
resistance and glucose intolerance in liver and extrahe-
patic tissues, progressive hyperglycemia associated with
loss of pancreatic B-cell mass, and impaired carbohydrate
metabolism (28). In addition, the ZDF rat develops com-
mon comorbidities of T2DM found in humans, such as
lenticular cataract, retinopathy, nephrosis, neuropathy,
and impaired wound healing (28). The female Zucker rat
does not consistently develop hyperglycemia (28), and
therefore was not considered a useful model for this study.

The beneficial effects of sitagliptin on the endocrine
pancreas in diabetic rodents have previously been dem-
onstrated (8, 9). The present study evaluated whether or

Endocrinology

not sitagliptin produced a direct or indirect adverse effect
on the exocrine pancreas in a well-characterized rodent
model of T2DM., Specific end points included assessments
for pancreatitis, pancreatic ductal metaplasia, and prolif-
erative rate of pancreatic duct and ductular epithelial cells.
The doses used provided plasma concentrations in excess
of the clinical therapeutic plasma concentration (8.5
wMbhr) (29), inhibited DPP-4 activity, and increased active
plasma GLP-1 levels.

Materials and Methods

Animals

A histologic evaluation was performed on 300 male ZDF rats
(Table 1). Six groups of 25 rats each received vehicle and were
evaluated qualitatively by light microscopy and quantiratively by
computer-based morphometric methods (database controls) to
provide a robust historical control ZDF database. Six groups of
25 rats each were used in the pivotal evaluation of potential
effects on the pancreas. In the pivotal study, two control groups
received the same vehicle used to generate the database controls;
three groups received sitagliptin as a phosphate salt monohy-
drate suspension at 30, 100, or 150 mg/kg/d; and one group
received a hydrochloride salt suspension of metformin at 450

Table 1. Group assignments for 300 male ZDF rats
evaluated qualitatively by light microscopy and
quantitatively by computer-based morphometric
methods.

Number

Treatment of rats
Database

controls

A 25

B 25

C 25

D 25

E 25

F 25
Concurrent

controls

| 25

I 25
Sitagliptin

(mgr/kg/

day)

30 25

100 25

150 25
Metformin

(mg/kg/

day)

450 25

Additionally, in separate arms of this study, 8 male ZDF rats were
studied to determine the effect of 150 mg/kg/day of sitagliptin on total
and active GLP-1 levels, and 36 male ZDF rats were studied to
deht%rmine the effect ot 150 mg/kg/day of sitagliptin on DPP-4
inhibition

I'he Endacrine Socicly Downloaded from press enducrmg org by | Shunnan ('Cannell] on 16 January 2014 a1 06:19 For personal use only No other uses withoul permission ATl nighis reserved

Exhibit 20 - 241



doi. 10.1210/en.2013-1781

mg/kg/d. In addition, 44 rats were separately evaluated for phar-
macologic endpoints. )

The number of animals, procedures, and experimental design
were in accordance with the Merck Institutional Animal Care
and Use Committee. ZDF-Leprfa/Crl male rats 10 to 12 weeks of
age and weighing 300 to 450 g at study start were purchased
(Charles River Laboratories, Stone Ridge, NY, USA). For groups
intended for histopathology evaluation (including 2 concurrent
vehicle control groups and 6 vehicle control groups evaluated to
establish a ZDF-Leprfa/Crl male rat database), 25 rats were pro-
spectively assigned to each group using a randomization proto-
col. Rats were pair-housed in solid-bottom plastic box caging
with contact bedding and provided PMI Rodent Diet® #5008,
which is considered a high fat diet, (LabDiet, St. Louis, MO,
USA) and tap water ad libitum. Animals were housed in envi-
ronmentally controlled rooms with an approximately 12-hour
light/dark cycle. For the associated studies evaluating the phar-
macological effects of sitagliptin in ZDF rats, similar animal
husbandry conditions were used, but the group size was 4 or 12
and the sitagliptin doses studied were 150 or 500 mg/kg/d cor-
responding to integrated plasma exposures (AUC) of approxi-
mately 149 and 522 pMbr,

Compound Administration

The 300 male ZDF rats evaluated histologically were dosed
once daily at § mL/kg body weight by oral gavage based on the
most recent body weight. Control rats received vehicle as 0.5%
(wiv) methylcellulose with § mM HCl in deionized water, Sita-
gliptin (chemically synthesized by the study sponsor, Merck &
Co., Inc., Whitehouse Station, NJ, USA) was administered as a
suspension in 0.5% (w/v) methylcellulose with § mM HCI in
deionized water. Doses of 30, 100, and 150 mg/kg/d of sitagliptin
were chosen based on data from previous studies suggesting that
these doses would produce, respectively, 3, 10, and 17 times the
human clinically efficacious exposure (AUCg_54 hours) Of 8.5
uMbhr (29). Metformin (Framhispania, S.A., Spain) was admin-
istered as a suspension in 0.5% (w/v) methylcellulose in deion-
ized water at 450 mg/kg/d based on the estimated maximum
tolerated dose in male rats in the most recent marketing approval
for metformin and targeting approximately 8-fold the human
clinically efficacious exposure (30-32). Samples of sitagliptin
and metformin dosing formulations were assayed for concen-
tration and uniformity in Week 1 and for concentration in Week
12. All assay results were within the acceptable range (+15% of
claim for a suspension) for concentration and uniformity. The
same dosing procedures were used to evaluate the pharmacologic
effects of sitagliptin in ZDF rats.

Clinical observations

For rats intended for histologic endpoints, body weight and
food consumption data were collected once weekly, Physical sign
observations were performed daily. Approximately 2 mL of
blood was collected via the retro-orbital route under isoflurane
anesthesia during Weeks 4 and 12 for hematology and blood
chemistry analysis. During Week 12, an overnight urine collec-
tion was performed to measure volume, pH, and specific gravity.
Prior to initiation of dosing and in Weeks 2, 8, and 13, a non-
fasted whole blood sample was collected from the tail vein of
each animal between 7:00 and 9:00 am before dosing to measure
glucose level via a glucometer (LifeScan OneTouch Ultra Glu-
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cometer, Milpitas, CA, USA). In Week 12, plasma {approxi-
mately 350 pL per sample) was collected by tail vein for deter-
mination of circulating levels of sitagliptin or metformin at
nominal times of 0.5, 1, 2, 4, 8, and 24 hours post dose from
concurrent control and treated rats. Due to blood volume sam-
pling limitations from individual rats, samples for drug levels
were collected using a scheme that used a subgroup of rats at each
time point, but resulted in an equal total volume collected from
each rat over the time course. The assays for sitagliptin and met-
formin were conducted by a validated bioanalytical method
(compliant with regulatory quality standards) (33) using liquid
chromatography/tandem mass spectrometry. The 1-hour
plasma samples were assayed from the two concurrent control
groups and found not to have test article contamination.

Plasma DPP-4 inhibition (Merck & Co., Inc.) and total and
active plasma GLP-1 levels (Meso Scale Discovery, Rockville,
MD, USA) were measured in male ZDF rats intended for phar-
macology end points in a group treated with sitagliptin at 150
mg/kg/d from samples collected at 0.5, 1, 2, 4, 8, and 24 hours
post dose using a collection scheme similar to that described
above for DPP-4 inhibition, or at 0, 2, 4, 8, 12, 16, and 20 hours
after a single dose for total and active GLP-1 levels.

Pathology evaluation

At study end, the rats were fasted overnight, weighed, anes-
thetized with isoflurane, and euthanized by caval exsanguina-
tion. A complete necropsy was performed, and pancreas and
brain weights were recorded. For organ weight comparison, a
trend analysis with multiplicity adjustment was used between
sitagliptin-treated rats and concurrent controls. The entire pan-
creas from all rats was fixed at room temperature in 10% neutral
buffered formalin for 36 hours * 4 hours. i

To ensure that each rat in a given treatment group made a
balanced contribution to the total pancreatic area evaluated,
nine segments, representative of the entire pancreas from head-
to-tail, were collected from all rats. Trimming was done using a
systematic random sampling scheme to allow an unbiased and
complete assessment of each pancreas. The nine tissue segments
to be evaluated from each rat were embedded in three paraffin
blocks (3 segments per block), so that each block included a
segment from the head, body, and tail of the pancreas.

Anapproximately 5-pm paraffin section of pancreas was pre-
pared from the three blocks from each rat and stained with he-
matoxylin and eosin (H&E). A second approximately 5-um ad-
jacent section was prepared for immunohistochemical staining.
In all cases, paraffin sectioning of blocks {microtomy) was per-
formed the day before initiating the immunohistochemistry
staining process, so that the interval between microtomy and
immunohistochemistry staining was similar for all slides.

The qualitative light microscopic evaluation conformed to
Good Laboratory Practice Standard Operating Procedure meth-
ods, which are fully compliant with the best practices outlined by
the Society of Toxicologic Pathology (Crissman et al 2004), and
are the standard practice for generating nonclinical data sub-
missions to support drug registration, but do not involve blind-
ing the pathologist to treatment group.

Cell proliferation evaluation
Proliferative index (PI) in pancreatic duct and ductular epi-
thelial cells in the exocrine pancreas was determined for 300 male
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ZDF rats. To minimize lot-to-lot variability in reagents for con-
current control groups I and II and treated rats, supplies for
immunohistochemical staining were purchased in bulk before
study start. For all rats studied, slide deparaffinization and an-
tigen retrieval were conducted in a single processing step in a
module (Thermo Scientific Pretreatment Module, Waltham,
MA, USA) with precision temperature controls, and with suffi-
cient capacity to hold all the slides from one staining batch. A
single immunohistochemistry stainer (DAKOCytomation Auto-
stainer Plus, Carpentaria, CA, USA) was used. To limit the im-
pact of variability in immunohistochemical staining, all batch
processing steps were conducted so that each dose group was
equally represented in each processing batch. The immunohis-
tochemical approach used was a dual-staining method using
pancytokeratin (1:30,000; Abcam ab6401, Cambridge, MA,
USA) and Ki-67 (1:1600; Abcam ab16667) antibodies. The pan-
cytokeratin antibody preferentially stained the cytoplasm of ep-
ithelial cells in pancreatic ducts and ductules. The Ki-67 antibody
stained the nuclei of recently mitotically active cells.

All nine pancreatic sections stained immunohistochemically
from each scheduled sacrifice rat were digitally scanned with a
digital whole slide scanner (Aperio ScanScope XT, Vista, CA,
USA) using a 20X objective and annotated (Aperio ImageScope).
Analysis for PI was conducted on the entire section of pancreatic
parenchyma from each of the nine sections from each rat by the
Cytonuclear Tool {Indica Labs, Corrales, NM, USA) computer
image analysis algorithm. Appropriate settings for the Cytonu-
clear Tool algorithm were determined in pilot experiments, and
the settings were established prior to analysis. All PI measure-
ments reported herein were made using identical algorithm set-
tings using all the pancreatic tissue on the slides. Duct and ductu-
lar epithelial cells were identified by the presence of sufficient
cytokeratin staining within a specified distance from the nucleus.
Proliferative index was determined by dividing the number of
recently mitotic epithelial cells (cells positive for pancytokeratin
and positive for Ki-67) by the total number of epithelial duct and
ductular cells (cells positive for pancytokeratin), and multiplying
the resulting value by 100.

For rats evaluated at scheduled study termination, the nine
sections stained with H&E and the nine adjacent sections stained
immunohistochemically were evaluated qualitatively by a pa-
thologist, and a peer review of all of these slides was conducted
by a second pathologist. In the case of rats found dead during the
study, pancreas sections were prepared and stained with H&E
only using the same methods as for the scheduled sacrifice rats.
These rats were not included in the quantitative evaluation be-
cause pancreas tissue from these animals was not suitable for
immunohistochemical staining within the quality specifications
required for a sunitably accurate measurement of proliferative
index.

Statistical analysis

For hematology and serum biochemistry parameters, tests for
normality {Wilk-Shapiro statistic) and homogeneity of variance
(Levene’s test) were conducted on cach parameter for each time
interval. The Dunnett’s multiple comparisons test was con-
ducted to determine statistically significant differences (P = .05)
between individual treatment group and the concurrent control
group I means. Mean active and total GLP-1 AUC were com-
pared between control and treatment groups by Student’s ¢ test
(P =.05).

Endocrinology

Per the prespecified statistical plan, the significance of trends
in pancreatic weight in sitagliptin-treated rats (ie, an increase or
decrease with increasing dose of sitagliptin) was assessed by com-
paring absolute weight, percentage of body weight, and percent-
age of brain weight relative to control group 1. P-values were
reported with adjustment (Dunnett’s) for multiplicity of tests.
Statistical significance was set at P =< .05.

For Plin the exocrine pancreas, one-way analysis of variance
(ANOVA) model (ANOVA) was fit to the angular transforma-
tion {arcsine square root) of proliferative index, with the groups
determined by the treatment regimen administered. The null hy-
pothesis that the Pl does not increase with dose was tested against
the alternative of an increasing dose trend using a linear contrast.
This contrast effectively averages the two control groups.

Results

Body weights, food consumption, hematology,
and clinical chemistry

There were no differences noted in body weight, food
consumption, complete blood count (CBC), or urinalysis
parameters in sitagliptin-treated rats. Fasting plasma glu-
cose after 12 weeks (Supplemental Table 1) and nonfast-
ing blood glucose (Figure 1) were consistent with diabetes
mellitus, and not significantly changed by treatment with
sitagliptin. The slight decrease in fasting plasma glucose in
Week 4 in the group treated with sitagliptin 150 mg/kg/d
vs the control group was not statistically significant (P >
.05) (Supplemental Table 1). Anticipated age-dependent
increases in fasting glucose in the ZDF model were
observed.

Decreases in triglycerides observed in sitagliptin-
treated groups Weeks 4 and 12 were statistically signifi-
cant (P =< .05) at Week 4 for sitagliptin 100 mg/kg/d (6.73
mmol/L [596 mg/dL)) relative to the control I (9.35
mmol/L [827 mg/dL]) and at Week 12 for sitagliptin 150
mg/kg/d (8,17 mmol/L [723 mg/dL)]) relative to the control
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Figure 1. Nonfasting blood glucose (mean + standard error) In
control | and Il and sitagliptin-treated male Zucker diabetic fatty rats.
Sitagliptin low dose = 30 mg/kg/d; sitagliptin mid dose = 100 mg/kg/
d; sitagliptin high dose = 150 mag/kg/d.
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1(10.17 mmol/L [900 mg/dL]). The general similarity be-
tween control and sitagliptin groups in body weight
change, food consumption, and in blood chemistry mea-
sures suggests little difference in manifestation of T2DM
in the ZDF rat model due to sitagliptin-treatment. In-life
study findings in 150 database control ZDF rats (Table 1)
evaluated in preparation for the sitagliptin study were sim-
ilar to those of the 50 ZDF rats in concurrent control
groups I and II.

Sitagliptin plasma exposure kinetics and
pharmacology

The integrated sitagliptin plasma concentrations were
2.7X, 12X, and 19X the therapeutic clinical exposure
(AuC, ... of 8.5 uMhr (29) at doses of 30,100, and 150
mg/kg/d, respectively, as summarized in Supplemental Ta-
ble 2. Sitagliptin pharmacokinetics in Week 12 demon-
strated adequate exposure margins relative to the thera-
peutic clinical plasma exposure.

In a separate group of male ZDF rats studied for phar-
macology end points were treated for 12 weeks with sita-
gliptin 150 mg/kg/d (plasma AUC;_,4y,, of 149 = 9.26
uMhr in Week 12), DPP-4 inhibition was greater than
90% from 0.5 to 8 hours post dose, and greater than 80%
at 24 hours post dose. Therefore, the integrated sitagliptin
plasma concentrations achieved in the 150 mg/kg/d group
in this study significantly exceeded the human therapeutic
plasma concentrations and were sufficient to test the pos-
sibility that DPP-4 inhibition might affect the pancreas in
this model.

After a single dose of sitagliptin at approximately 150
mg/kg/d (n = 4/group), levels of total GLP-1 were un-
changed (P = .590), but levels of active GLP-1 were in-
creased approximately 3-fold (P = .003). Plasma glucose
levels were not significantly affected by treatment (P =
.439) (Figure 2).

In-life findings with metformin treatment and
plasma exposure kinetics

In the group treated with metformin at 450 mg/kg/d
(plasma AUC, ,4p,, of 1430 = 102 pMbhr in Week 12)
there was an increase in mean body weight (+86 g) com-
pared to controls (+44 g) over the course of the study,
approximately 20% less weekly food consumption than
controls, and approximately 40% greater increase in tri-
glyceride levels compared to controls, At the end of the
study, the fasted blood glucose in the metformin group
was decreased (14.21 mmol/L [256 mg/dL]) compared
with control group I (18.87 mmol/L [340 mg/dL]) (P =
.05) consistent with less progression of disease in this
group compared to other groups. The metformin AUC,_
24hr of 1430 = 102 pMhr provided an approximately
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8-fold multiple of the AUC,_4y, at the maximum recom-
mended clinically therapeutic dose of 2000 mg/d.

Mortality, pancreas weight, gross changes, and
histology findings

Mortality was equally distributed across treatments (1
concurrent control, 1 sitagliptin-treated, 1 metformin-
treated). In our laboratory many cases of spontancous
mortality in male ZDF rats are associated with apparent
obstruction of the urinary tract characterized grossly by
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Figure 2. Total and active GLP-1 levels and plasma glucose following
a single dose of sitagliptin. (150 mg/kg/d), total GLP-1 was unchanged
(P = .590), active GLP-1 was increased approximately 3-fold (P = .003)
based on Student's t test of AUC, and plasma glucose was unchanged
(P = .439). Conversion from metric to SI units: active GLP-1:
picograms/mL X 0.3032 = picomoles/L; total GLP-1: picograms/mL X
0.2432 = picomoles/L; glucose: mg/dL X 0.0555 = mmol/L
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various combinations of dilation of the renal pelvis in kid-
ney, distension of the ureters, dilation thickening and red
discoloration of the bladder, swelling of the prepuce, and
red discoloration of the penis. The three rats that died
spontaneously on this study had combinations of such
gross changes in the urinary tract. There were no sitaglip-
tin-related changes in pancreas weight as absolute weight,
a percentage of body weight, or a percentage of brain
weight (Supplemental Table 3). Based on gross examina-
tion and qualitative light microscopic evaluation, there
were no treatment-(sitagliptin) related findings in the pan-
creas and no evidence of pancreatitis in any sitagliptin-
treated rat. The incidence of exocrine pancreatic lobular
atrophy and exocrine pancreatic acinar hyperplasia, two
focal background pancreatic changes that exhibited a
qualitative increase in Ki-67 staining, are summarized in
Table 2. The incidence of lobular atrophy and acinar hy-
perplasia in groups of sitagliptin-treated rats was less than

Endocrinology

the highest incidence observed in control database groups
(A-F) and concurrent control groups (I and II).

The exocrine pancreatic lobular atrophy observed as a
background finding not related to treatment was an iso-
lated focal change characterized by a localized decrease in
number of exocrine acinar epithelial cells delineated by the
margins of an individual pancreaticlobule (Figure 3, Panel
A and B). Affected lobules commonly had relatively prom-
inent ductular profiles and a relatively increased number
of nuclei positive for Ki-67 compared to unaffected lob-
ules (Figure 3, Panel Cand D). The pancreatic parenchyma
affected by lobular atrophy comprised a small portion of
the total cross-sectional area evaluated, and was qualita-
tively indistinguishable from the small foci of lobular at-
rophy that are routinely identified during light micro-
scopic evaluation in strains of laboratory rat typically used
in nonclinical studies of a similar duration.

The exocrine pancreatic acinar hyperplasia observed as
a background finding not related to treatment was an iso-
lated focal background change characterized by a circum-
scribed collection of acinar epithelial cells arrayed in a
glandular to tubulo-glandular pattern (Figure 4). In foci of
acinar hyperplasia, there were more nuclei positive for
Ki-67 compared to unaffected parenchyma (Figure 4).
Similar to lobular atrophy, acinar hyperplasia is routinely
observed as a spontaneous change in laboratory rats typ-
ically used in nonclinical studies.

The incidence and severity of exocrine pancreatic lob-
ular atrophy and acinar hyperplasia were comparable
among control database groups, concurrent control

groups, and treated groups (Table

2). These focal areas of change were
included in the quantitative evalua-
tion for calculation of proliferative
index.

In metformin-treated rats there
was an approximately 20% increase
in mean pancreas weight compared
to concurrent control group I when

evaluated based on absolute weight
or when normalized to brain weight
(P = .0S), but no relevant difference
when normalized to body weight
(3.7% Mean terminal
body weight was increased in met-
formin-treated rats, and therefore

increase).

Table 2. Incidence of focal background findings in
exocrine pancreas (n = 25 per group)
ControConcurrent  Sitagliptin
database control (mg/kg/day)
A B CDEF I I 30 100 150
Exocrine pancreas
Lobular 011323212 0 2
Atrophy
Acinar 348493374 2 4
Hyperplasia
16X
Objective
40X
Objective
H&E Stain IHC Stain

Figure 3. A representative example of pancreatic lobular atrophy, a common spontaneous
degenerative finding in laboratory rats (H & E; Panel A scale bar = 100 pM; Panel B scale bar =
50 wM) that exhibits qualitatively increased staining for Ki-67 in serial sections

(IHC + hematoxylin; Panel C scale bar = 100 uM; Panel D scale bar = 50 uM). Note that Ki-67 I1s
most commonly expressed in small duct and ductule cells in foci of pancreatic lobular atrophy

the increase in pancreas weight onan
absolute basis or normalized to brain
weight was considered to be anadap-
tive response to the increase in body
weight. There were no metformin-
related gross or qualitative light mi-
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croscopic findings in the pancreas, and a similar incidence
of lobular atrophy (2 per 25 rats) and acinar hyperplasia
(6 per 235 rats) to control rats.

Quantitative histopathology evaluation of the
exocrine pancreas

In all rats surviving to study end, PI was measured by
means of a commercially available computer algorithm
(Cytonuclear Tool, Indica Labs) applied to all of the pan-
creas tissue present on each slide and evaluated using al-
gorithm settings established before the evaluation by op-
timization on slides from pilot studies. Use of
predetermined algorithm settings and an automated data
collection process encompassing the entire section
avoided the introduction of observer bias into the data
collection or the need to make estimates of PI based on
subsamples. The algorithm identified nuclei based on size,
shape, and intensity of hematoxylin staining (Figure 5,
Panel A and B). Ki-67-positive nuclei were identified by
the presence of DAB staining. Duct and ductular epithelial
cells were identified by the presence of sufficient cytoker-
atin staining within a specified distance from the nucleus.

Visual inspection of the distribution of Pl across the six
control database groups, two concurrent control groups,
and sitagliptin-treated groups (Figure 6, Panel A and B;
and Supplemental Table 4) confirms the uniformity of
variability between groups as well as the similarity of
means and medians. Mean and median PI for sitagliptin-
treated groups were less than concurrent control group 1.
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There was no increasing sitagliptin dose trend for P1(P =
.874).

The mean + SD PIfor the metformin-treated group was
0.873 + 0.295. Comparison between the metformin and
control groups was not part of the prospective statistical
plan, and meaningful comparison between the metformin
group and other groups was complicated by metformin
treatment-related differences in disease progression in this
model, illustrated by differences in blood glucose changes,
terminal body weight, food consumption, and pancreas
weight (described above).

Discussion

In the ZDF rat model of T2DM, sitagliptin did not ad-
versely affect the pancreas across a range of integrated
plasma concentrations that inhibited DPP-4 activity and
exceeded the human therapeutic plasma concentration
target by 3- to 19-fold. As anticipated, sitagliptin had no
effect on total GLP-1 levels, but increased active GLP-1
levels approximately 3-fold. Both potential pharmaco-
logic and toxicologic effects were evaluated, and there was
no evidence of pancreatitis and no evidence of an increase
in PI. The assessments in this study were adequately con-
trolled, complete, unbiased, and sufficiently powered
(N = 25 per group at study start with 2 concurrent control
groups and 6 control database groups) to detect small
treatment-related effects. A range of sitagliptin doses were
evaluated to explore the possibility
of an inhibitory toxicologic effect of

/ ekl sitagliptin at high exposures on any

of the measured endpoints and to in-
a crease the possibility of detecting a
: dose-dependent toxicity by a dose
trend analysis,
Although the anticipated phar-
macologic effects of sitagliptin were

observed in this study (DPP-4 inhi-

15X
Objective

40X
Objective

bition and active GLP-1 increase),
there was little effect of the observed
pharmacology on progression of
T2DM, likely due to the fact that di-
abetes in the ZDF rat is driven by
insulin resistance (28). Consistent
i with this idea, metformin, an insulin

H&E Stain

hyperplasia

IHC Stain
Figure 4. A representative example of pancreatic acinar hyperplasia, a spontaneous background
finding with an increased incidence in laboratory rats fed a high-fat diet (H & E; Panel A scale

bar = 100 pM; Panel B scale bar = 50 M) that exhibits qualitatively increased staining for Ki-67
in serial sections (IHC +hematoxylin; Panel C scale bar = 100 uM; Panel D scale bar = 50 pM).
Note that Ki-67 is most commonly expressed in pancreatic acinar cells in foci of acinar

sensitizer, did impact progression of
T2DM in this study (discussed be-
low). The observed lack of a notable
effect of sitagliptin-pharmacology
on disease progression was a desired
feature of the study design, because it
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allowed direct comparison between control and sitaglip-
tin-treated groups with similar T2DM disease burdens. If
sitagliptin-treatment induced pharmacology had notably
altered progression of T2DM, then it would have been
difficult to separate the beneficial secondary effects of sita-
gliptin-pharmacology in the model from any observed
toxicological effects. Similar T2DM disease burdens be-
tween control and sitagliptin-treated groups allowed an
evaluation for potential adverse sitagliptin effects in the
face of hyperglycemia and T2DM comorbidities. The lack
of adverse sitagliptin-effects in rodents without a specific
disease predilection has been documented elsewhere (17).

oo B S gk
i | R g

Figure 5. A representative field of exocrine pancreas
(IHC+hematoxylin; 20Xx objective) with ducts and ductules indicated
with arrows (Panel A), Same field with computer annotation used to
measure proliferative index (Panel B). Black circles describe the area
evaluated for cytokeratin staining to assign either a cytokeratin positive
or negative status to nuclei, Arrows denote dark blue nucle, which
were KI-67-/cytokeratin-; red nuclei were Ki-67 +/cytokeratin-; green
nuclel were Ki-67-/cytokeratin+; and light blue nuclei were Ki-67+/
cytokeratin+; scale bar = 100 pM)
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The ZDFrat model of T2DM that was used in this study
has been widely studied by others, is well characterized,
and shares many of the common pathophysiologic hall-
marks of T2DM in humans. The absence of a detectable
adverse effect with a DPP-4 inhibitor in this study is con-
sistent with findings recently reported from nonclinical
studies of GLP-1 agonists in ZDF rats (26, 27). Literature
reports of a lack of adverse findings and no increase in PI
in the pancreas in the ZDF rat model treated with ex-
enatide were confirmed in a small pilot study (N = 12 per
group) in our laboratory (unpublished results), where up
to 250 ug/kg/d of exenatide was administered for 3
months and mean fasting blood glucose in Week 8 was
14.04 mmol/L (253 mg/dL) compared with a mean control
value of 17.04 mmol/L (307 mg/dL). The lack of adverse
changes in the pancreas in prospective studies in ZDF rats
is consistent with results in nonclinical toxicology studies
of DPP-4 inhibitors and GLP-1 agonists with nondiabetic
animals (17, 24, 34) and is consistent with results from
well~controlled epidemiologic studies of humans (18, 22,
23).

In the course of conducting the qualitative evaluation,
two types of spontaneous focal background changes (exo-
crine pancreatic lobular atrophy and acinar hyperplasia)
were identified in the exocrine pancreas with a qualita-
tively increased staining of nuclei for Ki-67 compared to
unaffected exocrine parenchyma. Lobular atrophy, like
that observed in this study, is recognized as a spontaneous
change in laboratory rats used in nonclinical safety assess-
ment studies, and is commonly attributed to obstruction
of a small duct draining the affected lobule (35). The in-
creased staining of nuclei with Ki-67 in areas of lobular

atrophy may reflect activation of a
program of tissue repair in response
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Figure 6. Distribution of proliferative index measures for individual control database rats (Panel
A) and concurrent controls and sitagliptin-treated rats (Panel B) (horizontal bar = group mean)

with no increasing sitaghptin dose trend (P = .874)
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safety assessment studies, the in-

creased incidence that was observed
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was anticipated (37). In the rat, acinar hyperplasia has
been suggested to be part of a continuum of change that
includes exocrine pancreatic neoplasia, which has been
observed with increased incidence in rats fed high fat diets
or gavaged with corn oil vehicle in carcinogenicity studies
(36, 38). Therefore, given the well-established links be-
tween the incidence of neoplasia in the laboratory rat and
type of diet and food consumption (37), it is necessary to
control for diet, food consumption, and body weight in
studies with a prospective intent to assess cancer risk.

Because acinar hyperplasia in the rat has been suggested
to be part of a continuum of change that includes exocrine
pancreatic neoplasia, any treatment-related increased in-
cidence of this finding might be evaluated as a potential
risk factor for the exocrine pancreas. The lack of difference
in acinar hyperplasia between control and treated groups
inthis study suggests that sitagliptin and metformin do not
promote the development of exocrine pancreatic tumors
in the rat. Due the lack of statistical power inherent in
comparisons of low incidence events such as the observed
rates for acinar hyperplasia and lobular atrophy in this
study, formal testing of proliferative index between foci
from control and treated groups was not attempted.

The absence of an increase in proliferative index in the
sitagliptin treatment groups in this study is also evidence
against the hypothesis that sitagliptin increases the risk of
exocrine pancreatic neoplasia by increasing proliferative
index. However, this method of assessing increased risk
has not been validated (39). The validated, widely-used,
traditional rodent bioassay is a better established and un-
derstood tool for making risk assessments of chemical ex-
posure for human carcinogenic risk. Notably, the mouse
and rat bioassays conducted for sitagliptin did not suggest
a risk for pancreatic cancer (17).

The absence of pancreatitis in rats treated with sita-
gliptin in this study with the ZDF rat model of T2DM is
consistent with results from previously reported large
well-controlled toxicology studies in rodents (17), but dif-
fers from reported results in a smaller study of sitagliptin
with the HIP rat model of T2DM, where 6 to 8 rats per
group were studied and pancreatitis was observed post
hoc in one rat treated with sitagliptin (8). In the HIP rat
experiment with sitagliptin, the primary study objective
was to evaluate structural and functional effects on the
endocrine pancreas, and as part of a functional evaluation
of the pancreatic islets, an intravenous (IV) bolus of argi-
nine was administered following a lengthy IV administra-
tion of glucose as part of a glucose clamp assessment (8).
Intraperitoneal dosing of arginine in the rat is widely used
as an experimental model of induced pancreatitis (40), but
a dose response for induction of pancreatitis in the HIP rat
following bolus IV dosing of arginine has not been re-
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ported, making it challenging to interpret the reported
pancreatic findings.

In this study, treatment with metformin meaningfully
modified the progression of disease in the ZDF rat model
(less severe blood glucose changes, increased absolute pan-
creatic weight, increased body weight, decreased food in-
take). Accounting for pharmacologically-induced changes
in disease progression is necessary to make toxicologically
relevant comparisons between the metformin group and
other groups. In the absence of a control group with an
equivalent disease burden, such comparisons were not at-
tempted for the metformin group. In this study, the sim-
ilarity of the qualitative changes between the metformin
group and control groups is consistent with an absence of
toxicologically relevant adverse effects on the pancreas,
which is also consistent with the historical clinical expe-
rience with metformin,

In summary, sitagliptin had no adverse effect on the
pancreas of the ZDF rat model of T2DM. There was no
evidence of increased risk of pancreatitis, and no differ-
ence in exocrine duct and ductular proliferative index be-
tween treated and untreated rats.
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